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ABSTRACT
We present a sample of 77 optial afterglows (OAs) of Swift deteted gamma-ray
bursts (GRB) for whih spetrosopi follow-up observations have been seured. Our
rst objetive is to measure the redshifts of the bursts. For the majority (90%) of the
afterglows the redshifts have been determined from the spetra. We provide line-lists and
equivalent widths (EWs) for all deteted lines redward of Lyα overed by the spetra.
In addition to the GRB absorption systems these lists inlude line strengths for a total
of 33 intervening absorption systems. We disuss to what extent the urrent sample of
Swift bursts with OA spetrosopy is a biased subsample of all Swift deteted GRBs.
For that purpose we dene an X-ray seleted statistial sample of Swift bursts with
optimal onditions for ground-based follow up from the period Marh 2005 to September
2008; 146 bursts fulll our sample riteria. We derive the redshift distribution for the
statistial (X-ray seleted) sample and onlude that less than 18% of Swift bursts an
be at z > 7. We ompare the high energy properties (e.g. γ-ray (15350 keV) uene
and duration, X-ray ux and exess absorption) for three sub-samples of bursts in the
statistial sample: i) bursts with redshifts measured from OA spetrosopy, ii) bursts
with deteted optial and/or near-IR afterglow, but no afterglow-based redshift, and
iii) bursts with no detetion of the OA. The bursts in group i) have slightly higher γ-
ray uenes and higher X-ray uxes and signiantly less exess X-ray absorption than
bursts in the other two groups. In addition, the frations of dark bursts, dened as
bursts with an optial to X-ray slope βOX < 0.5, is 14% in group i), 38% in group ii)
and > 39% in group iii). For the full sample the dark burst fration is onstrained to
be in the range 25%42%. From this we onlude that the sample of GRBs with OA
spetrosopy is not representative for all Swift bursts, most likely due to a bias against
the most dusty sight-lines. This should be taken into aount when determining, e.g.,
the redshift or metalliity distribution of GRBs and when using GRBs as a probe of star
formation. Finally, we haraterize GRB absorption systems as a lass and ompare
them to QSO absorption systems, in partiular the damped Lyα absorption (DLA)
systems. On average GRB absorbers are haraterized by signiantly stronger EWs
for H I as well as for both low and high ionization metal lines than what is seen in
intervening QSO absorbers. However, the distribution of line strengths is very broad
and several GRB absorbers have lines with EWs well within the range spanned by QSO-
DLAs. Based on the 33 z > 2 bursts in the sample we plae a 95% ondene upper
limit of 7.5% on the mean esape fration of ionizing photons from star-forming galaxies.
Subjet headings: dust, extintion  galaxies: high-redshift  gamma rays: bursts
1
Based on observations olleted at the European Organisation for Astronomial Researh in the Southern Hemi-
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1. Introdution
The exploration of gamma-ray bursts (GRBs) has been among the most fasinating one in the
last deade of astrophysial researh. After the breakthrough in 1997, when X-ray and optial af-
terglows were disovered (Costa et al. 1997; van Paradijs et al. 1997), progress has been rapid. The
onnetion between long-duration GRBs and star-forming galaxies has been empirially well estab-
lished. There is an exlusive oinidene of long-duration GRBs with atively star-forming galaxies
(e.g., Hogg & Fruhter 1999; Bloom et al. 2002; Fruhter et al. 2006), the majority of whih show
elevated spei star-formation rates (Christensen et al. 2004). In several ases long-duration GRBs
have been diretly assoiated with SNe (e.g., Hjorth et al. 2003; Stanek et al. 2003; Campana et al.
2006; Woosley & Bloom 2006). Only a deade after the rst afterglow detetion GRBs have allowed
to probe the Universe to redshifts from almost 0 to larger than 8, representing larger look-bak times
than aessible with any other lass of astrophysial objets (Jakobsson et al. 2006a; Tanvir et al.
2009; Salvaterra et al. 2009).
An important objetive is to use GRBs as osmologial probes to study star formation primarily
in the distant Universe. GRBs may be ideal probes as eah burst pinpoints the loation of a single
massive star. Hene, GRBs may allow a ensus of where massive stars are formed throughout the
observable Universe (e.g., Wijers et al. 1998). Through optial spetrosopy of the afterglows we
an measure metalliities, moleular ontent and kinematial properties of the sight-lines to bursts
within their hosts. After the bursts have faded away, imaging allows a detailed study of the host
galaxies in emission, providing a ensus of the lasses of galaxies ontributing to the global star-
formation density as a funtion of redshift. There are three main issues to onsider in this ontext:
observational bias, intrinsi bias, and the inuene the GRBs and their afterglows may have on their
environments. Conerning intrinsi bias it is believed that massive stars require a low metalliity to
retain enough angular momentum to form a GRB (e.g., Hirshi et al. 2005; Woosley & Heger 2006)
and the GRBs hene are biased traers of star formation (e.g., Guetta & Piran 2007; Kistler et al.
2008). Nevertheless, to establish if the evidene supports a low metalliity bias it is neessary to
rst establish the importane and possible impliations of observational bias, in partiular as suh
a bias, if it exists, unavoidably will impat the measured distribution of metalliities for GRBs
(see also Berger et al. 2007). Finally, onerning the issue of the impat of the GRBs and their
afterglows on the gas along the line-of-sight it is now well established that UV pumping aets
intervening gas in the hosts (Dessauges-Zavadsky et al. 2006; Vreeswijk et al. 2007; D'Elia et al.
2009a,b; Ledoux et al. 2009). It is also expeted on theoretial grounds that GRB afterglows may
sphere, Chile, under programs 275.D-5022, 075.D-0270, 077.D-0661, 077.D-0805, 078.D-0416, 079.D-0429, 080.D-
0526, 081.A-0135, 281.D-5002, and 081.A-0856. Also based on observations made with the Nordi Optial Telesope,
operated on the island of La Palma jointly by Denmark, Finland, Ieland, Norway, and Sweden, in the Spanish
Observatorio del Roque de los Muhahos of the Instituto de Astrosia de Canarias. Some of the data obtained
herein were obtained at the W.M. kek Observatory, whih is operated as a sienti partnership among the California
Institute of Tehnology, the University of California and the National Aeronautis and Spae Adminisration. The
Observatory was made possible by the generous nanial support of the W.M. Kek foundation.
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destroy dust in the near environment of the burst possibly out to as far as 100 p from the GRB
(Fruhter, Krolik & Rhoads 2001).
To address the issue of observational bias it is neessary to build a sample of GRBs for whih the
inompleteness is well understood and an be quantied. In this paper we present a spetrosopi
sample of long-duration GRBs disovered by the Swiftmission (Gehrels et al. 2004) for whih follow-
up optial spetrosopy has been seured. The purpose of the paper is twofold: i) to disuss the
GRB absorbers as a lass and ompare this lass of absorbers with QSO absorbers, and ii) to disuss
to whih extent our urrent sample of GRBs with measured redshifts from optial afterglow (OA)
spetrosopy is a biased sub-sample of all GRBs. GRB absorbers have been ompared with other
lasses of absorbers in several papers in the literature (e.g., Jensen et al. 2001; Savaglio et al. 2003,
Jakobsson et al. 2006b, Fynbo et al. 2006b, Savaglio 2006; Prohaska et al. 2007a, 2008b; Fynbo et
al. 2008a). However, most of these studies have been based on samples ontaining only few and/or
predominantly optially bright afterglows. The issue of bias in the samples of GRBs with measured
redshift has been disussed in the literature before (e.g., Bloom 2003; Fiore et al. 2007; Coward
2009). Fiore et al. disussed the importane of seletion eets in the properties of the detetion of
the GRBs themselves, e.g. the sensitivity of the triggering detetor as a funtion of energy. Coward
argued that there is a learning urve at work in the following sense: over the years sine the launh
of Swift the mean time taken to aquire spetrosopi redshifts for a GRB afterglow has evolved
to shorter times. He also nds a orrelation between the mean time before a spetrosopi redshift
is seured and the measured redshift suggesting that low redshift bursts were preferentially missed
in the rst years of Swift operation. We have been following the same follow-up strategy sine the
launh of Swift. Furthermore, for the present study we only inlude Swift bursts deteted after
Marh 2005 where Swift operations were well established. Hene, for the present study there should
be no signiant issue with a learning urve. Here we will rather try to infer to whih extent the
sample of bursts with follow-up optial spetrosopy ould be biased against, e.g., dusty sight-lines.
The paper is organized in the following way: In Set. 2 we dene our sample and provide a list
of the GRBs for whih we present spetra in this paper. Set. 3 desribes our observations and data
redution. In Set. 4.1 we present the redshift distribution of the statistial sample. In set. 4.2 we
disuss biases in the sample of bursts with optial afterglow spetrosopy. In Set. 4.3 we disuss
GRB absorbers as a lass and ompare them to QSO absorbers. In Set. 4.5 we briey disuss the
intervening absorbers in the sample. Finally in Set. 5 we oer our onlusions. In Appendies A
and B we provide line-lists and plots of the spetra for the 77 optial GRB afterglows in our sample
and provide notes on individual objets.
Throughout this paper we assume a at osmology with ΩΛ = 0.70, Ωm = 0.30, and a Hubble
onstant of H0 = 70 km s
−1
Mp
−1
.
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2. The Sample
The aim of the sample seletion is to onstrut a sample of long GRBs that is seleted inde-
pendent of the optial properties of the afterglows and at the same time has as high ompleteness
in high quality optial follow-up as possible. We nd that the optimal way to build suh a sample
is by inluding all Swift GRBs fullling the following riteria (Jakobsson et al. 2006a):
1. A Swift deteted GRB with observed duration T90 > 2 s
We wish to build a sample of long-duration GRBs known to be assoiated with massive
stellar death. We ould hoose to make a stronger ut, e.g. T90 > 5 s, in order to avoid
ontamination from the long tail of the short-duration bursts. However, the number of bursts
with 2 < T90 < 5 s is so small that this would not make a signiant dierene for the
statistial properties of the sample. Therefore we hoose to keep the standard operational
denition of long GRBs (Kouveliotou et al. 1993).
2. XRT afterglow position distributed within 12 hr
With this riterion we seure that a preise afterglow position is available quikly whih is
ruial for eient ground based follow-up. This riterion also exludes bursts lose to the
Moon.
3. Small foreground Galati extintion: AV < 0.5 mag
With this riterion we remove from the sample bursts with high Galati extintion. These
bursts are typially also loated in very rowded elds. Removing these bursts from the sample
does not introdue any bias on the intrinsi properties of the bursts.
4. Favorable delination: −70◦ < δ < 70◦
For bursts lose to the poles the probability to seure ground based follow-up is smaller and
we therefore apply this delination ut to the sample.
5. Sun-to-eld distane larger than 55
◦
Bursts that are too lose to the Sun annot be observed from the ground for very long. With
this riterion we will have at least one hour during night time to seure a spetrum within 24
hr after the burst.
About 50% of all Swift GRBs do not fulll these riteria, primarily for two reasons: rst Swift
has to point lose to the Sun a signiant fration of the time, and seond the fration of the sky with
Galati AV > 0.5 mag is about 34%. For bursts fullling the above riteria, we have attempted to
detet optial and near-infrared afterglows and to measure their redshifts. Also, these bursts will
have a high probability of being well observed by other follow-up teams.
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3. Observations and Data Redution
In this paper we inlude bursts in the time interval from Marh 2005 to September 2008. In
this period, 146 bursts fullled our sample riteria (see Table A1). These we will refer to as the
statistial sample in the following. For 69 of these we present spetrosopi observations in this
paper. Most of the spetra have been obtained through our target-of-opportunity programs, but we
also inlude a few spetra whih we have obtained from the ESO and Gemini arhives.
The spetra were obtained using one of the following instruments: i) the Nordi Optial Tele-
sope (NOT) equipped with the Andalusian Faint Objet Spetrograph and Camera (AlFOSC), ii)
the ESO-VLT equipped with either one of the two FOal Reduer and low dispersion Spetrographs
(FORS1 and FORS2), or in rare ases the Ultraviolet and Visual Ehelle Spetrograph (UVES), iii)
one of the Gemini telesopes equipped with one of the Gemini Multi-Objet Spetrographs (GMOS-
N and GMOS-S), iv) the 3m Shane Telesope at Lik Observatory equipped with the dual-hannel
Kast spetrometer, v) the Kek telesope equipped with the Low Resolution Imaging Spetrograph
(LRIS, Oke et al. 1995). In Table 1 we provide further details of eah of the instrumental setups
applied in this work.
The longslit spetra were redued using standard methods for bias subtration, at-elding
and wavelength alibration. Most of the spetra have been ux alibrated using observations of
spetrophotometri standard stars observed with the same setup as the afterglow spetra. For a
few of the spetra no standard star spetra were seured and here we instead provide normalized
spetra. Afterglows observed with UVES will be disussed in detail elsewhere (see, e.g., Fox et al.
2008; Ledoux et al. 2009), and for these bursts we here only show the spetra and provide equivalent
width (EW) measurements of the Si II,1526 and/or C IV lines.
The spetra have been obtained under very diverse observing onditions (see Table 2). Given
the transient nature of GRBs the afterglows often have to be observed at high airmass, with poor
seeing, through louds and/or with a large Moon phase. In a few ases we observed the afterglows
in twilight.
The full list of spetrosopi targets is given in Table 2. In the table we also inlude 8 bursts
that do not fulll the sample riteria for whih we also have seured spetra. In the following we
refer to the bursts in Table 2 as the spetrosopi sample.
 7 
Table 1. Instrumental setups used for the spetrosopi data presented in this work. Resolutions
are given for a 1 arse slit even though we some times used a slightly wider slit.
Telesope Instrument Grating Resolution Range [Å℄
VLT FORS1/2 300V 440 34009500
VLT FORS1/2 1400V 2100 46005900
VLT FORS1/2 1200R 2140 58007300
VLT FORS1/2 600I 1500 66009400
VLT UVES 45000
Gemini-S/N GMOS-S/N R831 2200 53009000
R400 965 53009000
R150 315 450010000
B600 844 34006000
Kek 1 LRIS R300 540 39008000
R400 1100 58009200
HIRES 45000
Shane-3m Kast 600/7500 1000 380010000
800/3460 1500 38007310
NOT AlFOSC G4 355 36009000
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Table 2. The spetrosopi sample. We here list the burst names and details of the spetrosopi
observations. The olumn ∆t shows the time after trigger when the spetrosopi observation was
started. Magacq gives the approximate magnitude (typially in the R-band) of the afterglow in the
aquisition image.
GRB Instrument Exptime Airmass Seeing ∆t Magacq Redshift Ref
(ks) (arse) (hr)
050319 AlFOSC 2.4 1.1 1.3 34.5 21.0 3.2425 (1)
050401 FORS2 11.6 1.11.7 0.7 14.7 23.3 2.8983 (2)
050408 GMOS-N 3.6 21.0 1.2356 (3)
050730 FORS2 1.8 1.2 1.5 4.1 17.8 3.9693 (4)
050801 LRIS 1.8 1.9  5.7 20.7 1.38 (5)
050802 AlFOSC 4.8 1.2 0.7 11.4 20.5 1.7102 (6)
050820A UVES 12.1 2.1 1.0 0.5 16.0 2.6147 (7)
050824 FORS2 3.0 1.8 0.7 9.5 20.6 0.8278 (8)
050908 FORS1 3.6 1.1 0.6 1.6 20.5 3.3467 (9)
050922C AlFOSC 2.4 0.9 1.3 1.0 16.5 2.1995 (1)
060115 FORS1 3.6 1.31.6 0.7 8.9 22.0 3.5328 (10)
060124 LRIS 1.0 1.6 1.0 16.1 19.5 2.3000 (11)
060206 AlFOSC 2.4 1.0 1.2 0.3 17.5 4.0559 (12)
060210 GMOS-N 3.0 1.1  1.2 20.6 3.9133 (13)
060502A GMOS-N 3.6 1.6  5.2 21.2 1.5026 (14)
060512 FORS1 3.6 2.5 1.6 3.0 19.9 2.1 (15)
060526 FORS1 9.9 1.11.4 1.3 8.8 19.5 3.2213 (1)
060604 AlFOSC 1.2 1.7 1.0 10.0 21.5 . 3 (16)
060607A UVES 12.0 1.91.0 1.0 0.1 14.7 3.0749 (17)
060614 FORS2 1.8 1.2 0.7 21.1 19.8 0.1257 (18)
060707 FORS2 5.4 1.0 1.1 34.4 22.4 3.4240 (1)
060708 FORS2 3.6 1.2 0.6 43.0 22.9 1.92 (19)
060714 FORS1 5.4 1.1 0.7 8.5 20.4 2.7108 (1)
060719 FORS2 2.4 1.1 2.2 50.0 24.5 . 4.6 (5)
060729 FORS2 5.4 2.02.6 1.5 13.2 17.5 0.5428 (20)
060807 FORS1 7.2 1.8 0.8 9.5 22.9 . 3.4 (21)
060908 GMOS-N 1.8 1.2 1.6 2.0 19.8 1.8836 (22)
060927 FORS1 5.4 1.2 1.5 12.5 24.0 5.4636 (23)
061007 FORS1 5.4 1.21.3 0.9 17.4 21.5 1.2622 (24)
061021 FORS1 1.8 1.9 0.8 16.5 20.5 0.3463 (25)
061110A FORS1 5.4 1.41.8 0.8 15.0 22.0 0.7578 (26)
061110B FORS1 3.6 1.31.5 0.7 2.5 22.5 3.4344 (27)
 9 
Table 2Continued
GRB Instrument Exptime Airmass Seeing ∆t Magacq Redshift Ref
(ks) (arse) (hr)
061121 LRIS 1.2 1.2  0.2 17.8 1.3145 (28)
070110 FORS2 5.4 1.51.9 1.0 17.6 20.8 2.3521 (29)
070129 FORS2 1.8 2.2 1.0 2.2 21.3 . 3.4 (1)
070306 FORS2 5.4 1.21.3 1.0 34.0 23.1 1.4965 (30)
070318 FORS1 1.8 1.6 0.7 16.7 20.2 0.8397 (31)
070419A GMOS-N 2.4 1.21.3  0.8 20.4 0.9705 (5)
070506 FORS1 2.7 1.61.8 1.1 4.0 21.0 2.3090 (32)
070611 FORS2 3.6 1.11.2 1.0 7.7 21.0 2.0394 (33)
070721B FORS2 5.4 1.21.5 1.2 21.6 24.3 3.6298 (34)
070802 FORS2 5.4 1.2 0.5 1.9 21.9 2.4541 (35)
071020 FORS2 0.6 2.0 1.0 2.0 20.4 2.1462 (36)
071025 HIRES 1.8 1.35    5.2 (1)
071031 FORS2 1.8 1.2 1.0 1.2 18.9 2.6918 (37)
071112C FORS1 3.6 1.7 1.2 9.0 21.9 0.8227 (38)
071117 FORS1 5.4 1.4 0.9 9.0 23.0 1.3308 (39)
080210 FORS2 1.2 1.82.4 1.4 0.7 18.8 2.6419 (40)
080310 Kast 1.8    17.0 2.4274 (41)
080319B FORS2 3.6 2.12.3 1.0 26.0 20.5 0.9382 (42)
080319C GMOS-N 3.6 1.2 1.7 2.4 21.1 1.9492 (43)
080330 AlFOSC 1.8 1.8 1.5 0.8 17.6 1.5119 (44)
080413B FORS1 0.6 1.5 0.5 0.8 19.3 1.1014 (45)
080520 FORS2 5.4 1.2 0.7 7.3 23.0 1.5457 (46)
080523 FORS2 5.4 1.82.0 1.0 10.9 23. . 3.0 (47)
080603B AlFOSC 2.0 1.3 1.0 2.0 17.5 2.6892 (48)
080604 GMOS-N 1.8 1.3 1.0 1.6 21.9 1.4171 (49)
080605 FORS2 0.6 1.41.9 0.9 1.7 20.4 1.6403 (50)
080607 LRIS 5.1 1.0 0.8 0.2 18.9 3.0368 (51)
080707 FORS1 2.4 2.12.5 2.2 1.1 19.6 1.2322 (52)
080710 GMOS-S 2.4 1.6  2.2  0.8454 (53)
080721 FORS1 1.2 1.5 1.7 10.2 20.0 2.5914 (54)
080804 UVES 4.7 2.12.5 0.9 0.8 19.0 2.2045 (55)
080805 FORS2 1.2 1.7 1.0 1.0 21.5 1.5042 (56)
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Table 2Continued
GRB Instrument Exptime Airmass Seeing ∆t Magacq Redshift Ref
(ks) (arse) (hr)
080810 AlFOSC 2.4 1.8 1.0 10.6 19.1 3.3604 (57)
080905B FORS2 0.6 1.3 1.7 8.3 20.2 2.3739 (58)
080913 FORS2 1.8 1.0 1.1 2.0 24.2 6.7 (59)
080916A FORS2 3.6 1.2 0.9 17.1 22.3 0.6887 (60)
080928 FORS2 1.8 1.6 1.1 15.5 20.4 1.6919 (61)
060904B
1
FORS1 3.6 1.11.3 0.7 5.1 19.9 0.7029 (62)
060906
1
FORS1 4.8 2.0 0.9 1.0 20.0 3.6856 (1)
060926
1
FORS1 4.8 1.72.4 1.0 7.7 23.0 3.2086 (1)
070125
1
FORS2 1.8 1.8 0.8 21.0 18.8 1.5471 (5)
070411
1
FORS2 3.0 1.41.7 1.0 5.0 20.8 2.9538 (63)
070508
1
FORS1 5.4 1.7 1.3 3.8 22.0 . 3.0 (64)
080411
1
FORS1 0.6 2.32.6 1.1 2.4 17.5 1.0301 (65)
080413A
1
UVES 2.7 1.21.6 0.7 3.7 19.0 2.4330 (66)
1
Not part of the statistial sample
Referenes.  (1) Jakobsson et al. (2006b); (2) Watson et al. (2006); (3) Foley et al.
(2007); (4) D'Elia et al. (2005); (5) This work; (6) Fynbo et al. (2005); (7) Ledoux et
al. (2005); (8) Sollerman et al. (2007); (9) Fugazza et al. (2005); (10) Piranomonte et
al. (2006a); (11) (Prohaska et al. 2006a); (12) Fynbo et al. (2006b); (13) (Cuhiara et al.
2006a); (14) (Cuhiara et al. 2006b); (15) (Starling et al. 2006a); (16) Castro-Tirado et al.
(2006); (17) Ledoux et al. (2006a); (18) Della Valle et al. (2006); (19) Jakobsson et al. (2006);
Oates et al. (2009); (20) Thöne et al. (2006a); (21) Piranomonte et al. (2006b); (22) (Rol et al.
2006); (23) (Ruiz-Velaso et al. 2007); (24) Jakobsson et al. (2006d); (25) Thöne et al. (2006b);
(26) Thöne et al. (2006); Fynbo et al. (2007); (27) Fynbo et al. (2006a); (28) (Bloom et al.
2006b); (29) Jaunsen et al. (2007b); (30) Jaunsen et al. (2008); (31) Jaunsen et al. (2007a);
(32) Thöne et al. (2007b); (33) Thöne et al. (2007a); (34) Malesani et al. (2007); (35)
Elíasdóttir et al. (2009); (36) Jakobsson et al. (2007); (37) Ledoux et al. (2008); (38)
Jakobsson et al. (2007d); (39) Jakobsson et al. (2007e); (40) Jakobsson et al. (2008a);
(41) (Prohaska et al. 2008); (42) Vreeswijk et al. (2008b); (43) (Wiersema et al. 2008a);
(44) Guidorzi et al. (2009); (45) Vreeswijk et al. (2008); (46) Jakobsson et al. (2008b);
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(47) Fynbo et al. (2008b); (48) Fynbo et al. (2008); (49) (Wiersema et al. 2008b); (50)
Jakobsson et al. (2008); (51) (Prohaska et al. 2009); (52) Fynbo et al. (2008d); (53)
(Perley et al. 2008); (54) Starling et al. (2009); (55) Thöne et al. (2008d); (56) Jakobsson et al.
(2008e); (57) de Ugarte Postigo et al. (2008); (58) Vreeswijk et al. (2008d); (59) Fynbo et al.
(2008e); Greiner et al. (2009); (60) Fynbo et al. (2008f); (61) Vreeswijk et al. (2008e); (62)
Fugazza et al. (2006); (63) Jakobsson et al. (2007a); (64) Jakobsson et al. (2007b); (65)
Thöne et al. (2008b); (66) Thöne et al. (2008);
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4. Results
In Appendix A we provide notes on eah burst in our spetrosopi sample. In Tables 5
72 in appendix B we provide linelists for all lines deteted redward of Lyα both from the GRB
absorbers and for intervening absorption systems. We provide measurements for all lines for whih
we an measure the EWs with a signal-to-noise ratio higher than 2. The EWs are measured in
normalized spetra using an aperture given by 2 times the resolution full-width-at-half-maximum
(for unresolved lines) or from where the prole reahes 1 on eah side of the prole (for resolved or
blended lines). The error bar inludes the statistial noise and the error from the normalization.
For the Lyα lines we do not provide EWs. Instead we in Table 4 provide the H I olumn densities
derived from Voigt-prole ts to the Lyα lines. In ases where several lines are blended we provide
the EWs for the full blend. In ases where three or more lines are blended we have drawn a dashed
line around the blend in the tables to ease the reading. In Fig. 14 in the appendix we show 1- and
2-dimensional spetra of eah of the 77 bursts listed in Table 2.
4.1. Redshift Distribution
Our rst objetive is to measure the true redshift distribution of Swift GRBs and in partiular
to onstrain the fration of Swift bursts that ould be at very high redshifts (here z > 67). The
error on the redshifts are typially a few permille.
As mentioned in Set. 2, 146 Swift bursts fulll our seletion riteria for the statistial sample in
Set. 2. Table 73 in the appendix inludes all 146 bursts and their redshift onstraints. The optial
and/or near-IR afterglow is deteted for 108 of the bursts. This ompleteness of 74% is muh
higher than for pre-Swift samples where only about 30% of the bursts have deteted optial/near-
IR afterglows (e.g., Fynbo et al. 2001; Lazzati et al. 2002). For the full sample of all Swift bursts
observed in the same period from Marh 2005 to September 2008, 198 out of 371 (53%) have
deteted optial/near-IR afterglows and this dierene between the statistial sample and the full
Swift sample illustrates the motivation for our sample riteria.
The redshift is determined from the OA for 72 bursts in the statistial sample (5 of these
are photometri redshifts based on the detetion of the Lyman-break or Lyα break in the spetral
energy distribution of the afterglow). For an additional 12 the redshift is determined from the likely
host galaxy. For 25 bursts an upper limit an be plaed on the redshift through detetion of the OA
and hene establishing an upper limit to the position of the Lyman-limit or Lyα breaks. For the
remaining 37 we have no onstraints on the redshift from the OA or host galaxy (four of these are
deteted in the J, H and/or K-band, but these detetion do not provide onstraining, i.e. z < 10,
redshift limits). For these bursts we follow Grupe et al. (2007) and assign a redshift upper limit to
bursts with exess (over Galati) X-ray absorbing olumn density above an equivalent H I olumn
density of 2 × 1021 m−2 (also taking unertainty into aount). Grupe et al. used an upper limit
of z = 2, but we will be slightly more onservative and assign an upper limit of z = 3.5 to these
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bursts (orresponding to an upper limit on the intrinsi absorbing olumn of about 1023 m−2 for
Solar metalliity). 10 bursts fulll this riterion at 90% ondene. We will return to the issue of
X-ray absorption in Set. 4.2 below. In Fig. 1 we show the resulting redshift distribution for the
full sample of 146 bursts. Both the median and the mean of the measured redshifts is 2.2. The
fration of z > 6 bursts is onstrained to be in the range 123% (234 out of 146) and the fration
of z > 7 bursts are less than about 18% (27 out of 146). Based on detetions of likely host galaxies
of dark bursts
2
, Perley et al. (2009) onstrain the fration of z > 7 bursts further to < 7% at 90%
ondene. A similar onlusion is reahed from a study of a omplete sample of GRB host galaxies
(Hjorth et al. in preparation).
It has been argued that the redshift measurements of Swift GRBs show evidene for a learning
urve" in the sense that the mean time before a spetrum is seured is dereasing and that the
mean redshift is also dereasing as a funtion of time sine the launh of Swift (Coward 2009). In
Fig. 2 we plot the magnitude of the afterglow at aquisition against the time of the burst and olor
ode the points by redshift. The mean (median) times after burst at the start of integration are 9.7
(9.5) hr, 9.6 (8.5) hr, 10.4 (7.7) hr, and 5.3 (2.0) hr for 2005, 2006, 2007 and 2008 respetively. The
orresponding median redshifts are 2.9, 2.7, 2.0, and 2.0. Hene, there does seem to be a tendeny
for the bursts to be spetrosopially observed earlier and for the median redshift to derease.
However, the eet is very small and the satter is large. If we simply split the sample in two at the
median time after trigger of 5 hr then we nd mean redshifts and standard deviations for triggers
before and after 5 hr are < z >= 1.9, σ(z) = 1.2 and < z >= 2.5, σ(z) = 1.2, respetively.
4.2. How Biased is the Optial Afterglow Spetrosopy Sample?
Whereas there is evidene that the QSO-DLAs drawn from samples of optially seleted QSOs
are fairly representative for the full underlying population (Ellison et al. 2001; Akerman et al.
2005; Ellison et al. 2008) this may well not be the ase for the sample of GRB absorbers with
OA spetrosopy. It was found soon after the disovery of OAs that some bursts are very faint
in the optial (e.g., Groot et al. 1998). There is growing evidene that suh bursts are mainly
assoiated with dusty sight-lines (e.g., Levan et al. 2006; Watson et al. 2006; Berger et al. 2007;
Jaunsen et al. 2008; Tanvir et al. 2008a; Elíasdóttir et al. 2009; Prohaska et al. 2009; Perley et al.
2009; Zheng, Deng & Wang 2009). Due to its high fration of optial follow-up (and X-ray seletion)
our statistial sample is ideal to address this issue quantitatively.
In the following, we divide our statistial sample into three groups: i) bursts with redshifts
measured from optial spetrosopy of the afterglow, ii) bursts with a deteted OA, but no afterglow-
based redshift measurement, and iii) bursts with no detetion of the OA.
2
Note that this work uses a somewhat dierent denition of dark bursts than the one we use in Set. 4.2.3,
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Fig. 1. Redshift distribution of 146 Swift GRBs loalized with the X-ray telesope and with low
foreground extintion AV < 0.5. We indiate with dierent olors and shadings bursts depending
on whether the redshift is based on afterglow spetrosopy, host emission lines (or both), or a
photometri redshift based on the OA broadband olors. Bursts, for whih only an upper limit
on the redshift ould be established from photometry of the OA, are indiated by arrows. The
red histogram at the left indiates the 28 bursts with no OA detetion, weak or absent X-ray
absorption and no redshift measurement from the underlying host galaxy. For these bursts no
redshift onstraint ould be inferred. The red blok at the top indiates the 10 bursts for whih
the OA was not deteted, but an upper limit of z = 3.5 ould be plaed based on exess X-ray
absorption.
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Fig. 2. The R, i or z-band magnitude of the OAs in the aquisition image for the spetrosopy
as a funtion of the time when the spetrosopi observations was started. The olor bar in the top
indiates the olor ode for the measured redshifts. Blak points represents spetra for whih we
where not able to determine the redshift.
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4.2.1. Distribution of the Sun Angle
As desribed in Set. 2 we have dened our sample to only ontain bursts with good onditions
for optial/near-IR follow-up onditions. Nevertheless, it is lear that all the bursts in the statistial
sample did not have equally good onditions for being observed from ground. In Fig. 3 we ompare
the Sun angle distribution for the three samples. The Sun angle is a good measure for how long
a burst an be observed during night time from the ground. It is lear that bursts with no OA
detetions tends to be loser to the Sun and hene are more diult to observe. This is one of the
ontributing reasons why these bursts do not have deteted OAs.
4.2.2. Distributions of High-Energy Properties
In addition to the observational dierenes we are interested in revealing astrophysial dif-
ferenes between the bursts in the statistial sample. Essentially all long GRBs have an X-ray
afterglow. In partiular, in our statistial sample all bursts have available X-ray spetra from Swift
(e.g., Evans et al. 2009). It is therefore interesting to ompare the X-ray properties suh as exess
absorption and ux at xed observed times for the the sample of GRBs with follow-up optial spe-
trosopy with those that do not. It has been found that the uene of the prompt emission orrelates
with the ux of the X-ray afterglow at xed rest-frame times (Nysewander, Fruhter & Peer 2009).
We therefore ompare both gamma-ray and X-ray properties of the three sub-samples. The results
are shown in Fig. 47 (note that the number of bursts in eah group is slightly dierent in the three
plots as some of the measurements were unavailable for a few of the bursts). In Table 3 we provide
the KS-test based probabilities that these three sub-samples are drawn from the same underlying
distributions. It is lear that bursts in groups ii) and iii) have fainter afterglows and in partiular
more exess absorption than bursts in group i). The most striking dierene is the X-ray exess for
whih it is rmly exluded that groups i) and iii) are drawn from the same underlying distribution.
A similar onlusion was reahed by Shady et al. (2007a) based on a smaller sample.
4.2.3. Dark Bursts
We follow the denition of dark bursts advoated by Jakobsson et al. (2004), whereby dark
bursts are dened as bursts with an optial to X-ray spetral slope βOX < 0.5. The fat that
group i) is not representative for all bursts in the statistial sample is onrmed by the fration of
dark bursts in the three sub-samples (see Fig. 8). For 4 bursts in the sample it was not possible
to alulate βOX due to insuient data (3 from group ii) and 1 from group iii)). In group i) the
fration of dark bursts is 14% (10/72), in group ii) it is 38% (12/32) and in group iii) the fration has
a lower limit of 39% (15/38). In the full statistial sample the fration of dark bursts is onstrained
to be in the range 2542%. Note that the βOX < 0.5 denition of dark bursts is onservative in the
sense that a burst with an intrinsi βOX = 1.25 an suer from ∼ 6 mag extintion in the observed
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R-band and still have an observed βOX > 0.5.
A ontributing fator to the inreasing darkness from groups i) to iii) ould be a dierent
fration of bursts with ooling breaks between the optial and X-ray bands (Pedersen et al. 2006).
However, the fat that GRBs in groups ii) and iii) have more exess absorption than bursts in group
i) shows that dust extintion of the optial light most likely is the dominating fator for the higher
dark burst fration in groups ii) and iii). This is made learer from Fig. 9 where we we plot βOX
against exess absorption for the full statistial sample. Bursts with βOX < 0.5 also have higher
exess absorption than bursts with βOX > 0.5. The nine dark bursts in group i) are GRBs 050401,
050904, 060210, 070802, 080319C, 080605, 080607, 080805, and 080913. Two of these are dark due
to high redshifts (z > 6) and the rest probably due to a ombination of high olumn densities and
high metalliities and hene high dust olumn densities.
4.3. GRB Absorption Systems Compared to QSO Absorption Systems
QSO absorption systems have been studied sine the disovery of QSOs and for these systems
a lassiation is well established (Weymann, Carswell & Smith 1981). Weymann et al. divided the
QSO absorbers into four lasses: A) assoiated broad absorption line systems, B) assoiated narrow
line systems, C) intervening narrow metal line systems, and D) intervening Lyα forest systems.
Classes C and D are further divided into sublasses suh as Mg II absorbers, C IV absorbers, DLAs,
sub-DLAs, et. Clearly, these lasses are not disjunt, i.e., DLAs are also Mg II and C IV absorbers,
but the opposite is generally not true. The physial seletion mehanism behind GRB absorption
systems is fundamentally dierent from those of intervening QSO absorbers. Hene, the fat that
GRB absorbers in many ways appear similar to mainly DLA absorbers provides interesting new
information not only of the properties of the GRB host galaxies, but also about the physial origin
of intervening QSO absorbers. Speially, the fat that QSO-DLAs and GRB absorbers look so
Table 3. KS test probabilities that the bursts in group ii) (OA deteted, but no OA based
redshift) and group iii) (no OA detetion) are drawn from the same distribution as group i)
(bursts with OA based redshift measurement).
Property/group ii) iii)
0.310 keV ux 20000 s 6.1×10−2 4.8×10−4
X-ray exess abs 2.1×10−3 7.0×10−7
15-350 keV uene 0.21 3.5×10−2
15-350 peak ux 0.20 0.29
T90 0.76 0.71
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Fig. 3. Sun angle distribution for members of the statistial sample.
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Fig. 4. BAT T90 distribution for members of the statistial sample.
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Fig. 5. BAT Fluene distribution for members of the statistial sample.
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Fig. 6. XRT ux distribution at 20000 s post burst for members of the statistial sample.
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Fig. 7. XRT exess absorption distribution (assuming z = 0) for members of the statistial
sample.
 23 
Fig. 8. The dark burst diagram (Fopt vs. FX), rst presented in Jakobsson et al. (2004)), for the
statistial sample. GRB with βOX < 0.5 are dened as dark bursts. The βOX values were alulated
in an almost idential way as in Jakobsson et al. (2004). The only dierene is that here we did
not use 11 hr as a referene time. Rather, when possible, we seleted measurements obtained a few
hours after a burst to avoid the early stage of the X-ray anonial behavior. For low-z bursts we
also avoided late-time measurements to prevent any host ontamination in the OA ux.
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Fig. 9. βOX plotted against X-ray exess absorption (assuming z = 0). Dark bursts (dened by
βOX < 0.5) tend to have large X-ray exess absorption onsistent with the interpretation that these
bursts are obsured by dust.
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similar strongly suggests that DLAs also originate from the interstellar medium of high-redshift
galaxies.
Interestingly, GRB absorbers have overlapping properties not only with lass C of Weymann
et al., but also with their lass B. There are even similarities between the afterglow spetrum of
GRB021004 and assoiated QSO absorbers from lass A, namely both very high blueshifts and
evidene for line-loking (Savaglio et al. 2002; Møller et al. 2002, but see also Chen et al. 2007b).
Using our large sample we will here try to haraterize the GRB absorbers as a lass in terms of
their absorption line strengths. The low resolution of most of our data prevents us from omparing
properties suh as metalliities or kinematial struture.
4.3.1. Comparison of GRB- and QSO-DLA Absorption Systems
The issue of the distribution of H I olumn densities in Swift deteted long-duration GRBs has
already been addressed in Jakobsson et al. (2006b). Compared to that study we here provide 14
additional measurements. In addition we have improved measurements for some of the bursts in
Table 3 of Jakobsson et al. (2006b), e.g., GRB060607A and GRB060124. The olumn densities for
all 33 Lyα lines deteted in our spetrosopi sample are listed in Table 4 and plotted in Fig. 10.
The H I distribution overs ve orders of magnitude from 10
17
to . 1023 m−2. Roughly 80%
of the systems have measured H I olumn densities above 2 × 1020 m−2, whih is the lassial
denition of a DLA system (e.g., Wolfe et al. 2005). There is evidene that the true distribution
may extend to somewhat higher olumn densities, namely the fat that the three bursts with the
highest olumn densities are dark bursts. The upper range of the distribution may also reet
the transition where the bulk of the hydrogen is in moleular form (Shaye 2001; Krumholz et al.
2009). We will return to this point in Set. 4.2. The distribution of H I olumn densities for
GRB absorbers has reently been suessfully reprodued in a high resolution simulation of galaxy
formation simulation (Pontzen et al. 2009).
Given that the majority if the bursts have olumn densities above 10
20
m
−2
it is natural
primarily to ompare GRB absorbers with the QSO-DLAs.
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Table 4. H I olumn densities from the spetrosopi sample
GRB z log(NHI/cm
−2)
050319 3.240 20.90±0.20
050401 2.899 22.60±0.30
050730 3.968 22.10±0.10
050820A 2.612 21.10±0.10
050908 3.344 17.60±0.10
050922C 2.198 21.55±0.10
060115 3.533 21.50±0.10
060124 2.30 18.5± 0.5
060206 4.048 20.85±0.10
060210 3.913 21.55±0.15
060526 3.221 20.00±0.15
060607A 3.075 16.95±0.03
060707 3.425 21.00±0.20
060714 2.711 21.80±0.10
060906 3.686 21.85±0.10
060926 3.206 22.60±0.15
060927 5.464 22.50±0.15
061110B 3.433 22.35±0.10
070110 2.351 21.70±0.10
070411 2.954 19.30±0.30
070506 2.308 22.00±0.30
070611 2.041 21.30±0.20
070721B 3.628 21.50±0.20
070802 2.455 21.50±0.20
071020 2.145 <20.30
071031 2.692 22.15±0.05
080210 2.641 21.90±0.10
080310 2.427 18.70±0.10
080413A 2.433 21.85±0.15
080603B 2.690 21.85±0.05
080607 3.037 22.70±0.15
080721 2.591 21.60±0.10
080804 2.205 21.30±0.15
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In Figs. 10,11, and 12 we ompare the distributions of H I and metal-line strengths for QSO-
DLAs and GRB absorbers in the spetrosopi sample (the histogram for QSO absorbers is renor-
malized to have the same number of systems as GRB absorbers with logNHI > 20.0). In the two
latter plots we only inlude GRB absorbers with logNHI > 20.0 where we have omparison data
from Sloan. We have used the original QSO-DLA sample from Noterdaeme et al. (2009) based
on the SDSS-DR6 database of QSO spetra. These authors automatially searhed for DLA lines,
rening their Lyα ts whenever metal lines are deteted redward of the Ly-alpha forest. We have
seleted all systems from their list with logN(H i) ≥ 20 and redshifts in the range 2.2 < zabs ≤ 3.2,
loated at least 5000 km s
−1
from a bakground QSO with R < 21.
The EWS of two metal transition lines, namely, Si ii λ1526 and C iv λ1549 (i.e., the blend of
the 1548 and 1550 Å lines), were measured. These lines are strong so that they are deteted in
most ases and the risk of overestimating their EWs due to blending with unrelated absorption is
minimal. For the measurements themselves, intervals of restframe widths 2 Å (3.5 Å) entered on
the Si ii λ1526 (C iv λ1549) were used. However, those systems where these metal lines lie inside
the Lyα forest were not onsidered any further.
Among all EW measurements, only those satisfying the following two riteria were used: χ2r <
1.5 (where χ2r is the redued χ
2
) and errEW < 0.3 Å. These thresholds were determined from the
distribution of data points in the χ2
r
vs. errEW plane in order to rejet unreliable measurements.
Among the remaining measurements, we provide 3σ upper limits when the S/N ratio is below 3.
Fig. 11-12 ompare the rest-frame EWs of Si II and C IV for the GRB-DLAs and QSO-DLAs.
We also show measurements of the strength of these interstellar lines from Lyman-break galaxies
(LBGs) from Shapley et al. (2003). These measurements represent mean values of 4 omposite
spetra representing the quartiles of inreasing Lyα EW from blue to red. Note that the C IV
EWs for LBGs also ontain a stellar ontribution so they should be onsidered upper limits. For
GRB-DLAs and QSO-DLAs, we plot these values against the N(H I) estimates whih separate
the GRB-DLAs from the majority of QSO-DLAs. In all of these omparisons, there is signiant
overlap between the QSO-DLA and GRB-DLA EW distributions but the GRB-DLA measurements
extend to signiantly higher EW values than what is seen in the muh larger QSO-DLA sample.
The large dataset presented here onrm the results of systematially larger Si II and CIV EWs
in GRB-DLAs reported by Prohaska et al. (2008b). Similar results were found by Savaglio et al.
(2004) in a omparison of Fe II, Si II and Mn II lines between GRB and QSO-DLA absorbers. The
LBG measurements fall at the high end of the of GRB-DLA distribution. The LBG systems with
the largest line strengths (both Si II and C IV) are those that have the strongest Lyα absorption.
These systems also have the highest dust ontents (Shapley et al. 2003; Noll et al. 2004).
To understand the dierene between the GRB-DLA and QSO-DLA distributions it is nat-
ural to fous on the dierent ways the two absorber lasses probe their host galaxies (see also
Vreeswijk et al. 2004; Prohaska et al. 2007a; Fynbo et al. 2008a). GRB-DLAs probe the sight-line
to the loation of a massive star with a random orientation relative to the geometry of the galaxy
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(ignoring for now the issue of bias). QSO-DLAs probe H I ross-setion seleted random sight-lines
through their host galaxies. The distribution of orientations of the host galaxy relative to the sight-
line is not random, but weighted with the seletion funtion. If the QSO-DLAs have a attened ge-
ometry this will tend to produe a shorter sight-line through the host than for a random distribution
of orientations. On the other hand, the GRB absorbers do not probe the full sight-line through their
hosts, in partiular for some systems loated in the outskirts of their hosts towards us only a small
fration of the absorbing material will be probed. An additional piee of evidene is the distane
between the loation of the GRB and the bulk of the absorbing material whih has been inferred for
a few GRBs based on modeling of ne-struture line variability (Dessauges-Zavadsky et al. 2006;
Vreeswijk et al. 2007; D'Elia et al. 2009a,b; Ledoux et al. 2009). These studies have found that the
bulk of the absorbing material probed by the variable ne-struture lines are at distanes of 50100
p, 1.7 kp, 0.76 kp, and 280 p for the GRBs 020813, 060418, 080319B, and 080330 respetively.
The nearly ubiquitous detetion of strong Mg I absorption also indiates that a substantial quantity
of neutral gas in GRB-DLAs is loated at distanes exeeding 100 p (Prohaska, Chen & Bloom
2006b). Finally, also vibrationally extited H2 lines have been used to infer a distane in the range
230940 p between GRB080607 and the bulk of the absorbing material (Sheer et al. 2009).
For strong and saturated lines like those presented in Figs. 11 and 12, the EW is weakly sensitive
to the abundane of the ion. Instead, the EW values trae the kinematis of these ions along
the sight-line. Prohaska et al. (2008b) have argued, based on omparisons of resonane and ne-
struture transitions of SiII and FeII, that the large EWs in GRB-DLAs reet motions in the "halos
of these galaxies, i.e. in gas at distanes exeeding several kp. The data presented here indiates
that suh motions are a generi property of gas in the galati environment of GRBs. Of prinipal
interest is whether these motions reet gravitational dynamis (as argued by Prohaska et al.
2008b) or galati-sale outows driven by star-formation, AGN, et. Independent of the mehanism,
the fat that both the Si II and CIV histograms extend signiantly beyond the range spanned by
QSO-DLA (Figs 11 and 12) indiates the gas is either predominantly ionized or multi-phase. In
other words, if C IV absorption was mainly produed in a roughly spherial, hot halo whereas
the low-ionization lines where produed in a entral, older omponent then we would expet the
C IV plot to be dierent than the Si II plot. Hene, C IV seems to probe the same volume as the
low-ionization lines. The same onlusion has been reahed by Prohaska et al. (2008b).
For QSO-DLAs the Si II 1526 line an be used as a proxy for metalliity through the relation
[M/H℄ = −0.92 + 1.41 log(EW/Å) (Prohaska et al. 2008b). The underlying physial reason for
this is believed to be a veloity width vs. metalliity relation (Ledoux et al. 2006b; Prohaska et al.
2008b). Roughly, a rest-frame EW of 1 Å orresponds to a metalliity of 0.1 Solar. We do not
know yet if GRB absorbers follow this orrelation, but there is some indiation that they do
(Prohaska et al. 2008b). The metalliities have been measured for GRBs 050401, 050730, 050820A,
050922C, 070802, 071031, 080310, 080413A and 080607 in our spetrosopi sample (Watson et al.
2006; Fox et al. 2008; Elíasdóttir et al. 2009; Prohaska et al. 2009; Ledoux et al. 2009), and these
bursts seem to follow the orrelation although possibly with a somewhat steeper slope.
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Fig. 10. Distribution of H I olumn densities. Blak: QSO-DLAs from the sample of Noterdaeme
et al. (2009). Red: GRB absorbers from the spetrosopi sample. The numbers of QSO-DLAs
have been renormalized to the same number of objets as the GRB absorbers.
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Fig. 11. Blak: QSO-DLAs measurements. Red: GRB absorbers from the spetrosopi sample
with logN > 20. Enirled points are dark bursts. The histograms are normalized to have the same
area. Open diamonds: LBGs. The LBG points are displaed horizontally for visibility reasons.
The LBG measurements represent mean values of 4 omposite spetra representing the quartiles of
inreasing Lyα EW from blue to red.
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Fig. 12. Blak: QSO-DLAs measurements. Red: GRB absorbers from the spetrosopi sample
with logN > 20. The histograms are normalized to have the same area. Open diamonds: LBGs.
The LBG points are displaed horizontally for visibility reasons. The LBG measurements represent
mean values of 4 omposite spetra representing the quartiles of inreasing Lyα EW from blue to
red.
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As seen in Fig. 11, slightly more than half of the GRB absorbers have EWrest(Si II1526)>1 Å
suggesting that about half of GRBs with afterglow spetrosopy at these redshifts have metalliity
above 0.1 Solar. This is onsistent with the metalliity distribution of GRB-DLAs based on diret
estimates of N(H I) and a metal olumn density (e.g. Prohaska et al. 2007a). The true fration
ould well be higher due to the bias against burst with high X-ray absorbing olumns in the sample
of GRBs with OA spetrosopy.
4.4. Impliation for the Esape Fration of Ionizing Photons in Star-Forming
Galaxies at z > 2
An important utility of the spetrosopi sample of Swift GRBs in Table 3 is to onstrain the
esape fration of ionizing photons fesc in distant star-forming galaxies (Chen et al. 2007; Gnedin
et al. 2008), whih speies the fration of stellar-origin ionizing photons (hν > 1 Ryd) that esape
from star-forming regions into the intergalati medium (IGM). A traditional approah to obtain
empirial onstraints of fesc is to searh for high-energy photons deteted at wavelengths below the
Lyman limit transition of a distant galaxy. However, suh measurements are subjet to a number
of systemati unertainties that are diult to quantify, inluding bakground subtration, intrinsi
spetral shape at ultraviolet wavelengths of star-forming galaxies, and line-of-sight variations of
IGM Lyα absorption (see Chen et al. 2007 for a brief review).
Chen et al. (2007) introdued a new approah that determines fesc in high-redshift star-forming
galaxies based on the range of neutral hydrogen olumn density N(H I) found in the hosts of long-
duration GRBs. The observed N(H I) in the host of eah GRB from early-time afterglow spetra
represents a measure of the integrated optial depth of Lyman limit photons along the line of sight
away from the parent star-forming region where the progenitor resides. Considering the N(H I)
distribution funtion of an ensemble of GRBs together therefore yields an estimate of the mean fesc
averaged over random lines of sight. Adopting a sample of 28 GRBs at z & 2, Chen et al. (2007)
found 〈fesc〉 = 0.02 ± 0.02 with a 95% .l. upper limit 〈fesc〉 ≤ 0.075. Although the best-estimated
〈fesc〉 is among the lowest value reported for z > 2 star-forming galaxies, the subluminous nature
of the majority of GRB host galaxies (e.g., Jakobsson et al. 2005; Chen et al. 2009) in ombination
with a steep faint-end slope of the distant galaxy population (e.g. Reddy et al. 2008) indiates that
sub-L∗ galaxies with 〈fesc〉 = 1 − 2 % an already ontribute a omparable amount of ionizing
photons as QSOs to the ultraviolet bakground radiation at z ∼ 3.
While the new approah of onstraining fesc based on the observed N(H I) distribution is not
aeted by the same systemati unertainties that bias the fesc measurements from the traditional
method (see Chen et al. 2007 for related disussion), the auray of 〈fesc〉 depends on an unbiased
sample of GRB hosts. Speially, if some fration of optially-thin sightlines are missed due to a
lak of S/N in the afterglow spetra for identifying weak absorption features, then the estimated
〈fesc〉 would be biased toward a lower value. Chen et al. (2007) onsidered a sample of 28 GRBs
at z & 2 with available early-time afterglow spetra for onstraining the N(H I), eight of whih are
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Fig. 13. Cumulative distribution of neutral hydrogen olumn density F [< N(H I)] observed in the
host galaxies of 32 long-duration GRBs disovered at z ≥ 2 by Swift (solid histogram). The shaded
area shows the 1-σ unertainties evaluated using a bootstrap re-sampling method that aounts for
both N(H I) measurement unertainties and sampling errors.
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from the pre-Swift era when rapid loalizations of the optial transients were hallenging. It is not
lear how signiant the bias is due to missed optial transients.
The 33 GRBs disussed in this paper represent a uniform spetrosopi sample of Swift bursts
with rapid loalizations and allow us to obtain an aurate measurement of 〈fesc〉. Fig. 13 presents
the umulative N(H I) distribution, F [< N(H I)] from the sample of 32 GRB host galaxies (exluding
GRB071020 due to the unertain N(H I)), together with the 1-σ unertainties determined based
on a bootstrap re-sampling method (see Chen et al. 2007 for further illustrations). Adopting this
sample of 32 GRBs at z & 2, we nd 〈fesc〉 = 0.02± 0.02 with a 95% .l. upper limit 〈fesc〉 ≤ 0.07,
in exellent agreement with the nding of Chen et al. We note that while the two samples are
omparable in size, only roughly half of the new sample overlaps with those onsidered by Chen et
al. In addition, inluding GRB071020 and assuming a host N(H I) of log N(H I) = 16.85 (mathing
the lowest N(H I) found so far for a GRB host) would double the estimated value to 〈fesc〉 = 0.04.
Our new measurement onrms that the mean esape fration of ionizing photons in distant star-
forming galaxies is small.
4.5. Intervening Absorption Systems
The issue of intervening absorbers is interesting for two main reasons. The rst is the puzzling
result that there are more intervening Mg II absorbers along GRB sight-lines than along QSO sight-
lines (Prohter et al. 2006; Vergani et al. 2009; Cuhiara et al. 2009). On the other hand there is
no exess of C IV systems along GRB sightlines (Sudilovsky et al. 2007; Tejos et al. 2007). The
other reason is that the searh for galaxy ounterparts of the absorbers is muh easier along GRB
sight-lines as the OA quikly fades away (Vreeswijk, Møller, & Fynbo 2003).
In our sample we detet several very strong intervening Mg II absorbers, i.e. 12 systems with
EW> 2 Å. For a full statistial analysis of the exess we refer to Vergani et al. (in preparation).
We also detet a few strong intervening Lyα absorbers, e.g. along the sight-lines to GRB050730,
GRB050908, and GRB070721B (see also Shulze et al. and Milvang-Jensen et al. in preparation).
In is interesting to note that the z = 2.62 sub-DLA towards GRB050908 also has remarkably strong
metal lines (e.g., a EWrest of 2.2Å for the Si II,1526 line). Also, the z = 3.09 sub-DLA towards
GRB070721B has very strong lines (rest EW 1.7Å for the Si II,1526 line). QSO-DLAs with EWrest
larger than 1.5 Å for the Si II,1526 line are quite rare (see Prohaska et al. 2008b and Fig. 11
below). Unfortunately, our sample is too small to judge if the intervening Lyα absorbers towards
GRB sight-lines are also statistially dierent from those along QSO sight-lines.
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5. Conlusions
GRB afterglow spetrosopy provides a detailed analysis of the ISM of atively star-forming
galaxies. In this work we have presented a large sample of GRBs deteted by Swift for whih
primarily low-resolution spetrosopi observations have been seured. The majority (∼ 80%) of
the GRB host absorbers bear strong resemblane to high-olumn density QSO absorbers like DLAs
and sub-DLAs. However, the GRB absorbers are haraterized by a broader range of line strengths
extending to signiantly stronger lines (both for H I, Si II and C IV) than what is seen for high-
olumn density QSO absorbers.
We nd that the sample of GRBs for whih optial spetrosopy is seured is a signiantly
biased subsample. In the statistial sample only about 50% have OA spetrosopy and this sub-
sample have substantially smaller X-ray exess absorption and a substantially smaller fration of
dark bursts (by the Jakobsson et al. 2004 denition) than the other half of the sample.
The impliation of this work is that the metalliity distribution we derive from optial afterglow
spetrosopy likely is skewed towards low metalliities ompared to the true underlying distribution
(see also Ledoux et al. 2009). This is important to take into aount, e.g., when establishing how well
GRBs trae star formation and when inferring to whih extent GRB progenitors may be restrited
to massive stars with low metalliities.
This work also shows that if we an seure optial and/or nearIR spetrosopy for a muh larger
fration of an X-ray seleted sample it is likely that we will pik up sight-lines with signiantly
higher dust ontents, moleular frations, and higher metalliities. A similar onlusion was reahed
by Ledoux et al. (2009). Suh studies will be ideal to study extintion urves and properties of star-
forming regions, in partiular at high redshifts. In the urrent sample dusty bursts like GRBs
070802, 080605, and 080607 were observed under fortunate onditions, i.e. very soon after the
bursts and in good observing onditions. It is plausible that bursts for whih the urrent searh
strategy and instrumentation annot seure a redshift are similar to or even more dust obsured
than these bursts.
Currently, most GRB error irles are only observed in optial bands. For further progress,
systemati nearIR follow-up of an X-ray seleted sample will be important. Suh systemati nearIR
follow-up is urrently arried out by a few teams using, e.g., GROND, UKIRT and PAIRITEL
(e.g. Greiner et al. 2009; Krühler et al. 2008; Tanvir et al. 2008a; Prohaska et al. 2009). For the
spetrosopi follow-up, instruments like the newly ommissioned X-shooter spetrograph that over
the full nearUV to nearIR range in a single shot (Kaper et al. 2009) will be important, but it is
likely that we will have to wait for the advent of 3040 m telesopes with similar instrumentation
before we will reah a spetrosopi ompleteness of, e.g., 90%.
We thank our referee for a thorough and onstrutive report. JPUF thanks A. Shapley for
helpful disussions. JPUF thanks the Centre for Astrophysis and Cosmology at the University of
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A. Notes on individual objets
A.1. GRB050319 (z = 3.2425)
The data presented here have previously been published in Jakobsson et al. (2006b). The
spetrum has a low signal-to-noise (SN) ratio, but due to the presene of the a strong Hydrogen
Lyα line the redshift is seure.
A.2. GRB050401 (z = 2.8983)
The data presented here have previously been published in Watson et al. (2006). This burst
has one of the highest H I olumn densities measured along any sightline. The redshift is based on
numerous metal lines inluding ne-struture lines. The spetrum also shows evidene for substantial
SMC-type reddening and lassies as a dark burst by the denition of Jakobsson et al. (2004).
A.3. GRB050408 (z = 1.2356)
The data presented here have previously been published in Foley et al. (2007). The redshift is
based on numerous metal lines (inluding ne-struture lines).
A.4. GRB050730 (z = 3.9693)
The data presented here have previously only been published in the GCN irulars (D'Elia et al.
2005). Spetra of this burst were also seured by Chen et al. (2005), Starling et al. (2005), D'Elia
et al. (2007) and Ledoux et al. (2009). In the 2d spetrum we detet a foreground QSO (z = 3.02)
at an impat parameter of 20 arse (153 kp). This QSO is possibly assoiated with the z = 3.022
absorption system seen in the spetrum of GRB050730.
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A.5. GRB050801 (z = 1.38)
The data presented here have not been published earlier. No standard star was observed
and therefore no ux alibration has been attempted for this spetrum (the plotted spetrum is
normalized to 1 in the ontinuum). We only detet a single unidentied line in the spetrum. The
upper limit on the redshift based on the absene of a Lyα forest is about 2.3. Based on UVOT
olors a photometri redshift of 1.38 has been determined for this burst (Oates et al. 2009).
A.6. GRB050802 (z = 1.7102)
The data presented here have previously only been published in the GCN irulars (Fynbo et al.
2005). No standard star was observed and therefore no ux alibration has been attempted for this
spetrum (the plotted spetrum is normalized to 1 in the ontinuum). The redshift is based on
several weak metal lines. The upper limit on the redshift based on the absene of the Lyα forest is
about 2.3.
A.7. GRB050820A (z = 2.6147)
The UVES data for this burst are disussed in Ledoux et al. (2005) and Fox et al. (2008).
A.8. GRB050824 (z = 0.8278)
GRB050824 is an X-Ray Flash (XRF). The data presented here have previously been published
in Sollerman et al. (2007). That work also established evidene for an assoiated SN and deteted
the host galaxy of the burst. Here the data have been re-redued and reanalyzed and more lines
have been identied. The redshift is based on both metal absorption lines and emission lines from
the underlying host galaxy.
A.9. GRB050908 (z = 3.3467)
The data presented here have previously only been published in the GCN irulars (Fugazza et al.
2005). The spetra will be disussed in more detail in Smette et al. (in preparation) where a H I
olumn density of logNHI = 17.60 ± 0.10 is derived. This system is interesting due to its low H I
olumn density and the detetion of esaping ionizing radiation along its line-of-sight. Furthermore,
there is an intervening sub-DLA at z = 2.62 with very strong metal lines.
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A.10. GRB050922C (z = 2.1995)
The data presented here have previously been published in Jakobsson et al. (2006b). For this
burst high resolution spetra have been presented in Piranomonte et al. (2006b). The plotted spe-
trum is normalized.
A.11. GRB060115 (z = 3.5328)
The data presented here have previously only been published in the GCN irulars (Piranomonte et al.
2006a). The redshift is based on both Lyα and ne-struture lines and is hene seure.
A.12. GRB060124 (z = 2.3000)
The data presented here have previously only been published in the GCN irulars (Prohaska et al.
2006a). The GRB system is haraterized by a low H I olumn density and the absene of low-
ionization lines. A detailed disussion of the prompt emission and afterglow of this burst an be
found in Romano et al. (2006).
A.13. GRB060206 (z = 4.0559)
The data presented here have previously been published in Fynbo et al. (2006b) and Thöne et al.
(2008a). Spetrosopi observations of this afterglow have also been published in Hao et al. (2007)
who laimed variable absorption lines in the intervening system. This was subsequently falsied by
Aoki et al. (2008) and Thöne et al. (2008a). There is tentative evidene for moleular absorption in
this spetrum (Fynbo et al. 2006b, see also Prohaska et al. 2009). No standard star was observed
at the night of the observation so we here show a normalized spetrum. The spetrum is strongly
aeted by fringing redwards of 7000 Å.
A.14. GRB060210 (z = 3.9122)
The data presented here have previously only been published in the GCN irulars (Cuhiara et al.
2006a). We do not onrm their identiation of an intervening system at z = 1.47. The burst
has very strong low-ionization lines and lassies as a dark burst by the Jakobsson et al. (2004)
denition. A detailed disussion of the prompt emission and afterglow of this burst an be found
in Curran et al. (2007) who also infer substantial reddening based on broadband modeling of the
afterglow.
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A.15. GRB060502A (z = 1.5026)
The data presented here have previously only been published in the GCN irulars (Cuhiara et al.
2006b). The redshift is based on a rih spetrum of low ionization (inluding ne-struture) absorp-
tion lines.
A.16. GRB060512 (z = 2.1?)
GRB060512 is an XRF. The data presented here have previously only been published in
the GCN irulars (Starling et al. 2006a). For this burst there is unertainty about the red-
shift in the GCN reports. An afterglow spetrum taken at the TNG indiates a redshift of
around 2.1 (Starling et al. 2006b), whih is supported by a spetral break deteted by UVOT
(De Pasquale & Cummings 2006; Oates et al. 2009) and whih is supported by modeling of the
broad band spetral energy distribution of the burst (Shady et al. 2007a). Bloom et al. (2006a)
measure a redshift of 0.44 from a galaxy lose to the afterglow position. This galaxy is oset by
about 0.7 arse from the position of the afterglow. Based on a binning of the spetrum shown
here we onrm the presene of a broad absorption line around 3750 Å onsistent with a redshift
of around 2.1 if interpreted as Lyα. This suggest that the z = 0.44 galaxy lose to the line of sight
is a foreground objet. We do not detet signiant metal lines in the afterglow spetrum.
A.17. GRB060526 (z = 3.2213)
The data presented here have previously been published in Jakobsson et al. (2006b). Additional
medium resolution spetra are disussed in Thöne et al. (2008e). The redshift is based on Lyα and
metal absorption lines.
A.18. GRB060604 (z . 3)
The data presented here have previously only been published in irulars (Castro-Tirado et al.
2006). In the spetrum we detet a single absorption line at 5219 Å. The origin of the line is unlear.
The line appears too narrow to be Mg II at z = 0.864. A possibility is Al II at z = 2.124. This
would be ompatible with the tentative break deteted by UVOT (Blustin & Page 2006). From the
absene of the onset of the Lyα forest we infer an approximate upper limit on the redshift of ∼3.
We do not onrm the tentative redshift of z = 2.68 proposed by Castro-Tirado et al. (2006).
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A.19. GRB060607A (z = 3.0749)
For this burst UVES spetra were obtained starting only about 7.5 minutes after the burst
(Ledoux et al. 2006a). For a full analysis of the UVES data see Fox et al. (2008), Prohaska et al.
(2008a), and Smette et al. (in preparation).
A.20. GRB060614 (z = 0.1257)
The data presented here have previously been published in Della Valle et al. (2006). This is
the lowest redshift burst in our spetrosopi sample. However, from the present spetrum no lines
(either absorption or emission) are signiantly deteted. The upper limit on the redshift based on
the absene of a Lyα forest is about 2.6. The redshift was later found to be z = 0.1257 based on
emission lines from the underlying host galaxy (Della Valle et al. 2006). GRB060614 is remarkable
in being a long burst without an assoiated (bright) supernova (Fynbo et al. 2006, Della Valle et
al. 2006, Gal-Yam et al. 2006).
A.21. GRB060707 (z = 3.4240)
The data presented here have previously been published in Jakobsson et al. (2006b). The burst
is remarkable in having very strong metal lines while showing no sign of extintion.
A.22. GRB060708 (z = 1.92)
The data presented here have previously only been published in the GCN irulars (Jakobsson et al.
2006). The spetrum does not display any signiant absorption or emission lines. An upper limit
of z . 2.8 an be plaed on the redshift of GRB060708 from the lak of signiant Lyα forest lines
in the spetrum of the afterglow redwards of 4600 Å. Bluewards of 4600 Å there is very marginal
evidene for broad absorption lines in the spetrum, but the spetrum is too noisy to establish a
preise redshift. The Swift team has established a photometri redshift of 1.92 for this burst based
on the UVOT imaging of the OA (Shady & Moretti 2006).
A.23. GRB060714 (z = 2.7108)
The data presented here have previously been published in Jakobsson et al. (2006b). In the
trough of the DLA line of the host absorption system Lyα emission is deteted, presumably from
the underlying host galaxy.
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A.24. GRB060719 (z . 4.6)
The data presented here have not been published earlier. This afterglow was extremely red
with a R−K olor of about 4.5 (Malesani et al. 2006) and the burst was onsidered a andidate
high redshift burst. Our spetrum, taken with the 600I grating, shows a featureless ontinuum in
the range 68009400 Å thereby plaing an upper limit of ∼4.6 on the redshift. Hene, this is most
likely a dust obsured burst.
A.25. GRB060729 (z = 0.5428)
The data presented here have previously only been published in the GCN irulars (Thöne et al.
2006a). The broad undulations seen in the blue end of the spetrum are aused by systemati errors
in the ux alibration due to the high airmass of the observation. All of the observed strong, spetral
lines an be assoiated with a single absorption system. We assoiate the GRB redshift with this
gas. The upper limit on the redshift based on the absene of a Lyα forest is about 2.1.
A.26. GRB060807 (z . 3.4)
The data presented here have not been published elsewhere. We retrieved the data from the
ESO arhive. There is a single marginal line at 5200 Å in the spetrum. If due to Lyα the redshift of
the burst is 3.28. From the absene of a spetral break we set a onservative upper limit of z < 3.4.
For this burst there is evidene for emission lines in the X-ray spetrum (Butler 2006).
A.27. GRB060904B (z = 0.7029)
The data presented here have previously only been published in the GCN irulars (Fugazza et al.
2006). The burst is not inluded in the statistial sample as it has too high foreground extintion
(AV = 0.57, Shlegel et al. 1998). The broad undulations seen in the spetrum are due to errors
in the ux alibration. All of the observed strong, spetral lines an be assoiated with a single
absorption system. We assoiate the GRB redshift with this gas. The upper limit on the redshift
based on the absene of a Lyα forest is about 2.5.
A.28. GRB060906 (z = 3.6856)
The data presented here have previously been published in Jakobsson et al. (2006b). The
spetrum was obtained in twilight just before sun rise. We do not inlude this burst in the statistial
sample due to its too high foreground extintion of AV = 0.54 (Shlegel et al. 1998). The redshift
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is based on both Lyα and metal absorption lines.
A.29. GRB060908 (z = 1.8836)
The data presented here have previously only been published in the GCN irulars (Rol et al.
2006). The redshift is based on a single C IV doublet and is onrmed by the detetion of the
Lyα line from the underlying host galaxy (Milvang-Jensen et al. in preparation). We hene do not
onrm the tentative redshift of z = 2.43 reported by Rol et al. (2006). The redshift we infer is also
onsistent with the UVOT onstraints (Morgan et al. 2006).
A.30. GRB060926 (z = 3.2086)
The data presented here have previously been published in Piranomonte et al. (2006b). We do
not inlude this burst in the statistial sample due to its too high foreground extintion of AV =
0.52. In the trough of the DLA line of the host absorption system Lyα emission from the underlying
host galaxy is deteted. The H I olumn density is among the highest deteted and there is evidene
for substantial reddening.
A.31. GRB060927 (z = 5.4636)
The data presented here have previously been published in Ruiz-Velaso et al. (2007). The
preise redshift is based on a single low S/N Si II line. Based alone on the onset of the Lyα forest
the redshift an be estimated to be in the range 5.55.6, the 2nd highest in the spetrosopi sample.
A.32. GRB061007 (z = 1.2622)
The data presented here have previously only been published in irulars (Jakobsson et al.
2006d). This burst is one of the brightest in γ-rays observed by Swift and its afterglow was also
very luminous both in the X-ray and optial bands (Shady et al. 2007b). The redshift is based on
both metal absorption lines and emission lines from the underlying host galaxy.
A.33. GRB061021 (z = 0.3463)
The data presented here have previously only been published in irulars (Thöne et al. 2006b).
In the GCN irular no redshift measurement was reported. It was only after measuring the redshift
from the underlying host galaxy (Hjorth et al. in preparation) that we identied Mg II absorption
 44 
lines in the very blue end of the afterglow spetrum. This is the 2nd lowest redshift in our spetro-
sopi sample.
A.34. GRB061110A (z = 0.7578)
The data presented here have previously only been published in irulars (Fynbo et al. 2007).
The redshift is mainly based on emission lines from the underlying host galaxy. We also identify a
broad absorption feature onsistent with the Mg II doublet at the same redshift.
A.35. GRB061110B (z = 3.4344)
The data presented here have previously only been published in irulars (Fynbo et al. 2006a).
The redshift is based on both a very strong Lyα line and metal absorption lines, inluding ne
struture lines.
A.36. GRB061121 (z = 1.3145)
The data presented here have previously only been published in the GCN irulars (Bloom et al.
2006b). The redshift is based on a rih spetrum of low ionization (inluding ne-struture) absorp-
tion lines.
A.37. GRB070110 (z = 2.3521)
The data presented here have previously only been published in irulars (Jaunsen et al. 2007b).
In the trough of the DLA line of the host absorption system Lyα emission from the underlying host
galaxy is deteted.
A.38. GRB070125 (z = 1.5471)
The data presented here have not previously been published. The redshift of the burst was
determined from Gemini data (Cenko et al. 2008). The burst is peuliar in being very bright and
having very weak absorption lines in its afterglow spetrum. For a typial fainter OA the redshift
for suh an absorption system would be very diult to establish. The burst is not inluded in the
statistial sample as the XRT position was distributed later than 12 hr after the burst. The upper
limit on the redshift based on the absene of Lyα forest lines is about 2.3. The broad undulations
in the blue end of the spetrum are due to systematis in the ux alibration.
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A.39. GRB070129 (z . 3.4)
The data presented here have not previously been published. A redshift ould not be established
as no signiant lines are deteted in the spetrum. We plae a onservative upper limit of z . 3.4
from the upper limit on wavelength of the onset of the Lyα forest.
A.40. GRB070306 (z = 1.4965)
The data presented here have previously been published in Jaunsen et al. (2008). The redshift
is based on a single oxygen emission line. The identiation with [OII℄ is seure as the doublet is
resolved in a higher resolution spetrum (Jaunsen et al. 2008). The burst is remarkable in having
a highly extinguished afterglow only deteted in the K and H bands while being loated in a blue
host galaxy (Jaunsen et al. 2008).
A.41. GRB070318 (z = 0.8397)
The data presented here have previously only been published in irulars (Jaunsen et al. 2007a).
The afterglow spetrum displays a spetral break around 5000 Å (or about 2700 Å in the rest-frame),
the nature of whih is urrently not understood. All of the observed strong, spetral lines an be
assoiated with a single absorption system. We assoiate the GRB redshift with this gas. The upper
limit on the redshift based on the absene of Lyα-frost features is about 2.1.
A.42. GRB070411 (z = 2.9538)
The data presented here have previously only been published in irulars (Jakobsson et al.
2007a). The spetra were obtained with the two medium resolution gratings 1400V and 1200R.
The burst is not inluded in our statistial sample as the foreground Galati extintion is too high
(AV=0.76, Shlegel et al. 1998). The GRB absorption system has one of the lower H I olumn
densities in our sample (see Table 4).
A.43. GRB070419 (z = 0.9705)
The data presented here have not been published before. All of the observed strong, spetral
lines an be assoiated with a single absorption system. We assoiate the GRB redshift with this
gas.
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A.44. GRB070506 (z = 2.3090)
The data presented here have previously only been published in irulars (Thöne et al. 2007b).
Redwards of 7000 Å the spetrum is strongly aeted by fringing. The redshift is based on both
Lyα and metal absorption lines.
A.45. GRB070508 (z . 3.0)
The data presented here have previously only been published in irulars (Jakobsson et al.
2007b). No lines are deteted in the spetrum and an upper limit of z . 3 is plaed on the redshift
from the upper limit on wavelength of the onset of the Lyα forest. The burst is not inluded in the
statistial sample as the delination is too low (-78
o
). The burst lassies as a dark burst by the
denition of Jakobsson et al. (2004).
A.46. GRB070611 (z = 2.0394)
The data presented here have previously only been published in irulars (Thöne et al. 2007a).
The redshift is based on both Lyα and metal absorption lines. Also deteted in the spetrum are
two intervening Mg II systems.
A.47. GRB070721B (z = 3.6298)
The data presented here have previously only been published in irulars (Malesani et al. 2007).
A bright Lyα emitter is loated 20 arse from the GRB position at the the same redshift as the
GRB. A z = 3.09 intervening sub-DLA is deteted in both the spetrum of the afterglow and in the
spetrum of the neighbor Lyα emitter. A possible galaxy ounterpart of the absorber is deteted
in emission 2 arse from the afterglow position. The spetrum will be disussed in more detail in
Milvang-Jensen et al. (in preparation).
A.48. GRB070802 (z = 2.4541)
The data presented here have previously been published in Elíasdóttir et al. (2009). The spe-
trum is remarkable is showing a strong 2175 Å dust extintion feature at the GRB redshift of
z = 2.45 (see also Krühler et al. 2008). The burst lassies as a dark burst by the denition of
Jakobsson et al. (2004). There are also two intervening Mg II systems in the spetrum, one of
whih is very strong.
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A.49. GRB071020 (z = 2.1462)
The data presented here have previously only been published in irulars (Jakobsson et al.
2007). The spetrum will be disussed in more detail in Nardini et al. (in preparation). All of the
observed strong, spetral lines an be assoiated with a single absorption system. We assoiate the
GRB redshift with this gas.
The upper limit based on the absene of a Lyα forest is about 3.
A.50. GRB071025 (z = 5.2?)
The data presented here have not previously been published. The data were obtained with
the high resolution HIRES spetrograph. Weak, ontinuum ux is deteted from the afterglow at
wavelengths λ > 7500Å, but no emission is deteted at shorter wavelengths. This ux `derement'
may be assoiated with the IGM at z ≈ 5.2 but ould also be assoiated with a signiant reddening
of the afterglow. If one presumes the latter, the burst is still very likely to be at high redshift
(z > 2.5) beause a sharp derement from dust is only expeted at ultraviolet wavelengths. This
redshift of z ≈ 5.2 is onsistent with the photometry whih displays a break between the R and I
bands (e.g. Ryko et al. 2007). We do not show a gure of this spetrum.
A.51. GRB071031 (z = 2.6918)
The data presented here have previously only been published in irulars (Ledoux et al. 2008).
In addition to the 300V spetrum shown here spetra were seured with a range of higher resolution
gratings and with the high-resolution UVES spetrograph (e.g., Fox et al. 2008). In the trough of
the DLA line at the host redshift Lyα emission from the underlying host galaxy is deteted. In the
medium and high resolution spetra a large number of Fe II ne struture and metastable lines are
deteted.
A.52. GRB071112C (z = 0.8227)
The data presented here have previously only been published in irulars (Jakobsson et al.
2007d). The redshift is based both on absorption lines from the GRB host system as well as
emission lines from the underlying host galaxy.
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A.53. GRB071117 (z = 1.3308?)
The data presented here have previously only been published in irulars (Jakobsson et al.
2007e). The redshift is based on a single emission line at 8687 Å, whih we interpret as O II at
z = 1.331. The spetrum is aeted by fringing redwards of about 7000 Å and the line is only seen
after subtrating two of the individual exposures where the soure has been oset along the slit
from eah other. Hene, we onsider the signiane of this redshift measurement to be marginal.
A.54. GRB080210 (z = 2.6419)
The data presented here have previously only been published in irulars (Jakobsson et al.
2008a). The spetrum will be disussed in more detail in De Cia et al. (in preparation). There is
evidene for substantial reddening. The redshift is based on both Lyα and metal absorption lines.
A.55. GRB080310 (z = 2.4274)
This burst was observed both with the VLT/UVES spetrograph and the Kast spetrograph.
Here we show the Kast spetrum previously published in Prohaska et al. (2008). The GRB
absorber is haraterized by a low H I olumn density and several high ionization lines (see also Fox
et al. 2008; Ledoux et al. 2009; De Cia et al. in preparation).
A.56. GRB080319B (z = 0.9382)
This is the famous naked eye burst (Rausin et al. 2008; Wo¹niak et al. 2009; Bloom et al.
2009). The FORS2 spetrum presented here was obtained quite late, 26 hr after the burst. We
retrieved the data from the ESO arhive.
A.57. GRB080319C (z = 1.9492)
The data presented here have previously only been published in irulars (Wiersema et al.
2008a). The data were obtained in poor onditions with loud over. The plotted spetrum is
normalized. The redshift is based on the highest redshift metal line system in the spetrum. We
also detet an intervening Mg II system. The upper limit on the redshift based on the absene of
signiant Lyα forest lines is about 2.7. The burst lassies as a dark burst by the Jakobsson et al.
(2004) denition.
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A.58. GRB080330 (z = 1.5119)
GRB080330 is an XRF. The data presented here have previously been published in Guidorzi
et al. (2009). The burst was also observed with the VLT-UVES spetrograph (D'Elia et al. 2009b).
All of the observed strong, spetral lines an be assoiated with a single absorption system. We
assoiate the GRB redshift with this gas.
A.59. GRB080411 (z = 1.0301)
The data presented here have previously only been published in irulars (Thöne et al. 2008b).
The burst is not inluded in the statistial sample as it has too high foreground extintion (AV =
0.54, Shlegel et al. 1998). The burst is remarkable in having a bright X-ray afterglow visible for
more than three weeks after the burst (Marshall et al. 2008). The OA spetrum has a fairly strong
unidentied line at 4439Å.
A.60. GRB080413A (z = 2.4330)
This burst was observed with VLT/UVES. The burst is not inluded in the statistial sample
as it has too high foreground extintion (AV = 0.52, Shlegel et al. 1998).
A.61. GRB080413B (z = 1.1014)
The data presented here have previously only been published in irulars (Vreeswijk et al.
2008). Spetra were also seured in a number of higher resolution gratings. The broad undulations
in the blue end of the spetrum are due to systematis in the ux alibration.
A.62. GRB080520 (z = 1.5457)
The data presented here have previously only been published in irulars (Jakobsson et al.
2008b). The afterglow was very faint at the time of observation, but the redshift is based on both
host emission lines and afterglow metal absorption lines and is hene seure.
A.63. GRB080523 (z . 3.0)
The data presented here have previously only been published in irulars (Fynbo et al. 2008b).
The afterglow was very faint at the time of observation and due to the lak of signiant lines or
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breaks we an only plae an upper limit of about 3.0 on the redshift.
A.64. GRB080603B (z = 2.6892)
The data presented here have previously only been published in irulars (Fynbo et al. 2008).
The redshift is on both Lyα and metal (inluding ne-struture) absorption lines. We also detet
an intervening Mg II system in the spetrum.
A.65. GRB080604 (z = 1.4171)
The data presented here have previously only been published in irulars (Wiersema et al.
2008b). The plotted spetrum is normalized. All of the observed strong, spetral lines an be
assoiated with a single absorption system. We assoiate the GRB redshift with this gas. The
upper limit on the redshift is about 3.1 based on the absene of a Lyα forest in the spetrum.
A.66. GRB080605 (z = 1.6403)
The data presented here have previously only been published in irulars (Jakobsson et al.
2008). Spetra were also seured with a number of higher resolution gratings. This spetrum like
the spetrum of GRB070802 shows both C I absorption and evidene for the 2175 Å extintion
feature. Spetrosopy of this afterglow will be further disussed in Xu et al. in preparation.
A.67. GRB080607 (z = 3.0368)
The data presented here have previously been published in Prohaska et al. (2009). The spe-
trum is haraterized by a very strong Lyα line and by the detetion of both H2 and CO moleular
lines. The spetrum shows evidene for substantial reddening. Based on the broad band photom-
etry there is also evidene for the presene of the 2175 Å extintion bump (Prohaska et al. 2009).
The burst lassies as a dark burst by the Jakobsson et al. (2004) denition. In the gure of this
spetrum we only show the R400 spetrum. For the blue grating spetrum overing Lyα we refer
to Prohaska et al. (2009).
A.68. GRB080707 (z = 1.2322)
The data presented here have previously only been published in irulars (Fynbo et al. 2008d).
The spetrum was obtained under quite poor onditions with bad seeing and at high airmass. A
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spetrum was also seured with a higher resolution grating. All of the observed strong, spetral
lines an be assoiated with a single absorption system. We assoiate the GRB redshift with this
gas. The upper limit on the redshift is about 2.2 based on the absene of a Lyα forest.
A.69. GRB080710 (z = 0.8454)
The data presented here have previously only been published in irulars (Perley et al. 2008).
All of the observed strong, spetral lines an be assoiated with a single absorption system. The
system also shows ne struture lines. We assoiate the GRB redshift with this gas. The plotted
spetrum has been normalized.
A.70. GRB080721 (z = 2.5914)
The data presented here have previously been published in Starling et al. (2009). Spetra were
also seured with a number of higher resolution gratings. The spetrum is aeted by fringing red-
wards of about 7000 Å. The redshift is on both Lyα and metal (inluding ne-struture) absorption
lines.
A.71. GRB080804 (z = 2.2045)
The data presented here have previously only been published in irulars (Thöne et al. 2008d).
The spetrum was obtained with the high resolution UVES spetrograph.
A.72. GRB080805 (z = 1.5042)
The data presented here have previously only been published in irulars (Jakobsson et al.
2008e). The strongest line in the spetrum is from a very strong intervening Mg II system. The
proposed GRB redshift of 1.504 is based on a higher redshift weaker metal absorption line system.
There is evidene for the presene of the 2175 Å extintion feature in the shape of the spetrum
at the proposed GRB redshift. The burst lassies as a dark burst aording the Jakobsson et al.
(2004) denition.
A.73. GRB080810 (z = 3.3604)
The data presented here have previously only been published in irulars (de Ugarte Postigo et al.
2008). A higher resolution spetrum was seured at the Kek telesope and this an be inspeted in
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Page et al. (2009). The host absorber is remarkable in having a relatively low H I olumn density.
There is evidene for Lyα emission presumably from the underlying host galaxy.
A.74. GRB080905B (z = 2.3739)
The data presented here have previously only been published in irulars (Vreeswijk et al.
2008d). The light form the afterglow is blended with light from another objet on the slit. Spetra
were also seured with a number of higher resolution gratings. The redshift is based on metal
absorption lines inluding ne struture lines.
A.75. GRB080913 (z = 6.7)
The data presented here have previously been published in Greiner et al. (2009). The redshift
is based on the detetion of the onset of the Gunn-Peterson trough at 9400 Å. No absorption or
emission lines are deteted in the spetrum. This is the most distant GRB for whih the redshift
has been determined in our spetrosopi sample. The burst lassies as a dark burst by the
Jakobsson et al. (2004) denition.
A.76. GRB080916A (z = 0.6887)
The data presented here have previously only been published in irulars (Fynbo et al. 2008f).
The redshift is based on both absorption lines and emission lines from the underlying host galaxy.
A.77. GRB080928 (z = 1.6919)
The data presented here have previously only been published in irulars (Vreeswijk et al.
2008e). This is another good example of a spetrum where the lines from the intervening absorber
are signiantly stronger than in the likely GRB absorber. The proposed GRB system is the highest
redshift, but weaker, of two metal line systems deteted in the spetrum. The upper limit on the
redshift based on the absene of Lyα forest features is about 2.1.
B. Linelists and spetra of GRB afterglows
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Table 5. GRB050319 (z = 3.2425)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5157. 1215.7 Lyα
5348.2 1260.4 3.2425 Si II 8± 3
5530.5
1302.2 3.2425 O I
9±3
1304.4 3.2425 Si II
5663.8 1334.5 3.2425 C II 9± 3
5913.2 1393.7 3.2425 Si IV 5± 3
5949.9 1402.7 3.2425 Si IV 9± 3
6472.8 1526.7 3.2425 Si II 6± 3
6578.9
1548.2 3.2425 C IV
8± 3
1550.8 3.2425 C IV
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Table 6. GRB050401 (z = 2.8983)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4739. 1215.7 2.8983 Lyα
5074.4
1302.2 2.8983 O I
14±4
1304.4 2.8983 Si II
5180.0 6±3
5194.7 14±4
5205.0
1334.5 2.8983 C II
12±3
1335.7 2.8983 C II*
5422.2 1548.2 2.4982 C IV
14±25431.9 1550.8 2.4982 C IV
5431.9 1393.8 2.8983 Si IV
5842.6 1670.8 2.4982 Al II 8±21
5900.0 5.5±1.6
5950.4 1526.7 2.8983 Si II 12±2
6036.5 1548.2 2.8983 C IV
10.0±1.0
6044.6 1550.8 C IV
6273.9 1608.4 2.8983 Fe II 8.5±1.5
6510.9 1670.8 2.8983 Al II 7.0±1.4
6559.9 3.2±0.9
7049.0 1808.0 2.8983 Si II 3.2±0.7
7229.5 1854.7 2.8983 Al III 7.5±0.7
7262.0 1862.8 2.8983 Al III 7.5±0.8
7899.2
2026.1 2.8983 Zn II
5.7±0.8
2026.5 2.8983 Mg I
8020.8 2056.3 2.8983 Cr II 3.5±0.9
8042.2 2062.2 2.8983 Cr II
5.6±0.9
8042.2 2062.7 2.8983 Zn II
8055.0 2066.2 2.8983 Cr II 3.0±0.9
8197.9 2344.2 2.4982 Fe II 3.7±0.8
8303.8 2374.5 2.4982 Fe II 2.3±1.0
8331.5 2382.8 2.4982 Fe II 7.4±0.7
8428.5 2411.3 2.4982 Fe II 3.8±1.1
8815.8 2260.8 2.8983 Fe II 3.7±0.9
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Table 6Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
9023.8 2316.7 2.8983 Ni II** 5.4±0.9
9093.7 2600.2 2.4982 Fe II 9.2±0.8
9137.6 2344.2 2.8983 Fe II 5.5±0.7
9254.8 2374.5 2.8983 Fe II 6.2±1.0
9289.9 2382.8 2.8983 Fe II 6.2±1.0
1
ikely blended with another line.
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Table 7. GRB 050408 (z = 1.2356)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
GMOS/R150
4610.4 2056.25 1.2356 CrII 6.17 ± 1.51
2062.2 1.2356 CrII
2062.7 1.2356 ZnII
2066.2 1.2356 CrII
5241.4 2333.5 1.2356 FeII* 5.49 ± 0.77
2338.7 1.2356 FeII*
2344.2 1.2356 FeII
2345.0 1.2356 FeII*
2349.0 1.2356 FeII*
5310.0 2365.6 1.2356 FeII* 3.00 ± 0.67
2374.5 1.2356 FeII
5328.7 2381.5 1.2356 FeII* 4.22 ± 0.65
2382.8 1.2356 FeII
2383.8 1.2356 FeII*
2389.4 1.2356 FeII*
5782.9 2586.7 1.2356 FeII 3.55 ± 0.43
5812.7 2594.5 1.2356 MnII 7.83 ± 0.55
2599.2 1.2356 FeII*
2600.2 1.2356 FeII
2606.5 1.2356 MnII
2607.9 1.2356 FeII*
2612.7 1.2356 FeII*
6261.7 2796.4 1.2356 MgII 10.90 ± 0.66
2803.5 1.2356 MgII
6377.9 2853.0 1.2356 MgI 3.48 ± 0.39
7246.3 3240.0 1.2356 TiII* 2.24 ± 0.48
3242.9 1.2356 TiII
GMOS/R831
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Table 7Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
6378.1 2853.0 1.2356 MgI 3.02 ± 0.29
6752.7 3021.5 1.2356 FeI 0.69 ± 0.19
6875.1 3073.9 1.2356 TiII 2.91 ± 0.30
7566.9 3384.7 1.2356 TiII 1.11 ± 0.21
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Table 8. GRB050730 (z = 3.9693)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4889.3 1215.7 3.022 Lyα
5549.2 1215.7 3.5680 Lyα
6040. 1215.7 3.9693 Lyα
6230.6 1253.8 3.9693 S II 1.38±0.16
6261.9
1259.5 3.9693 S II
5.5±0.31260.4 3.9693 Si II
6291.1 1264.7 3.9693 Si II*
6400.8 1402.7 3.5680 Si IV 0.65±0.13
6470.9 1302.2 3.9693 O I
7.1±0.2
6481.7 1304.4 3.9693 Si II
6503.4
1309.3 3.9693 Si II*
2344.2 1.7728 Fe II
6599.4
1334.5 3.9693 C II
3.0±0.2
1549.5 3.25 C IV
6632.3 1334.5 3.9693 C II 4.9±0.2
6720.9 1670.7 3.0222 Al II 0.99±0.11
6925.0 1393.7 3.9693 Si IV
7.1±0.2
6934. 1402.7 3.9693 Si IV
6968.4
1402.7 3.9693 Si IV
4.6±0.2
1526.7 3.5680 Si II
6989. 1548.2 3.514 C IV
6995. 1550.8 3.514 C IV
7069.5
1548.2 3.5680 C IV
1.1±0.2
1550.8 3.5680 C IV
7110.1 1.2±0.2
7173.8 2586.7 1.7728 Fe II
4.2±0.2
7208.7 2600.2 1.7728 Fe II
7348.9 1608.4 3.5680 Fe II 0.34±0.16
7694.1 1548.2 3.9693 C IV
1.1±0.2
7702.0 1550.8 3.9693 C IV
7752.6 2796.3 1.7728 Mg II
7.1±0.3
7774.4 2803.5 1.7728 Mg II
7990.7 1608.4 3.9693 Fe II 1.3±0.2
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Table 8Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
8299.7 1670.7 3.9693 Al II 3.1±0.3
8415.0 2586.7 2.2533 Fe II 1.0±0.3
8457.8 2600.2 2.2533 Fe II 2.4±0.3
9097.6 2796.3 2.2533 Mg II 2.6±0.2
9121.7 2803.5 2.2533 Mg II 1.4±0.2
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Table 9. GRB 050801
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
LRISb/B600
LRISr/R600
6040.7 2.32 ± 0.76
Table 10. GRB050802 (z = 1.7102)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4199.4 1548.2 1.7102 C IV
7.4±1.5
4199.4 1550.8 1.7102 C IV
6353.5 2344.2 1.7102 Fe II 7.1±0.9
6458.7 2382.8 1.7102 Fe II 7.3±0.9
7009.8 2586.7 1.7102 Fe II 5.0±1.1
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Table 11. GRB 050820A (z = 2.6147)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5518.6 1526.7 2.6147 SiII 5.68 ± 0.05
5596.3 1548.2 2.6147 CIV 5.44±0.04
5605.7 1550.8 2.6147 CIV 5.01±0.05
Table 12. GRB050824 (z = 0.8278)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4284.7 2344.2 0.8278 Fe ii 1.8±0.5
4337.9 2374.5 0.8278 Fe ii
4.5±0.8
4354.2 2382.8 0.8278 Fe ii
4728.6 2586.7 0.8278 Fe ii 1.5±0.4
5108.6 2796.3 0.8278 Mg ii 1.7±0.3
5124.5 2803.5 0.8278 Mg ii 2.3±0.3
6814.5 3727.7 0.8278 [O ii℄ emission
7074.4 3869.8 0.8278 [Ne iii℄ emission
7192.4 3934.8 0.8278 Ca II 3.0±0.5
7752.9 1.2±0.4
7938.4 4341.7 0.8278 Hγ emission
8889.2 4862.7 0.8278 Hβ emission
9067.6 4960.3 0.8278 [O iii℄ emission
9155.0 5008.2 0.8278 [O iii℄ emission
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Table 13. GRB050908 (z = 3.3467)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4402.7 1215.7 2.6208 Lyα 
5280.6 1215.7 3.3467 Lyα 
5527.8 1526.7 2.6208 Si II 8.1±0.2
5607.4
1548.2 2.6208 C IV
3.2±0.2
1550.8 2.2613 C IV
5627.8 1393.7 3.0383 Si IV 1.9±0.2
5664.9 1402.7 3.0383 Si IV 0.80±0.15
5683.8
1302.2 3.3467 O I
1.3±0.2
1304.4 3.3467 Si II
5695.0 1309.3 3.3467 Si II* 1.28±0.15
5796.8 1334.5 3.3467 C II 0.62±0.18
5824.8 1608.4 2.6208 Fe II 1.47±0.13
5973.0 2344.2 1.5481 Fe II 0.90±0.14
6052.4
1393.7 3.3467 Si IV
6.53±0.142374.5 2.6208 Fe II
1670.7 1.5481 Al II
6070.9 2382.8 1.5481 Fe II 1.45±0.14
6093.2 1402.7 3.3467 Si IV 1.85±0.15
6470.1 0.8±0.2
6256.1
1548.2 3.0383 C IV
3.57±0.15
1550.8 3.0383 C IV
6591.0 2586.6 1.5481 Fe II 1.15±0.15
6625.0
1526.7 3.3467 Si II
1.85±0.15
2600.2 1.5481 Fe II
6729.8
1548.2 3.3467 C IV
13.99±0.20
1550.8 3.3467 C IV
7124.9 2796.3 1.5481 Mg II 2.10±0.17
7144.6 2803.5 1.5481 Mg II 2.08±0.17
8489.0 2344.2 2.6208 Fe II 3.70±0.40
8594.4 2374.5 2.6195 Fe II 4.60±1.0
8625.7 2382.8 2.6208 Fe II 8.5±1.0
8818.1
2026.1 3.3467 Zn II
5.0±1.0
2026.5 3.3467 Mg I
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Table 13Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
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Table 14. GRB050922C (z = 2.1995)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
3630.0 1215.7 1.9904 Lyα
3654.6 1215.7 2.0008 Lyα
3740.0 1215.7 2.0768 Lyα
3893.0 1215.7 2.1995 Lyα
3975.5 1242.8 2.1995 NV 2.5±0.2
4004.1
1302.2 2.0768 O I
0.8±0.21304.4 2.0768 Si II
1250.6 2.1995 S II
4030.3 1260.4 2.1995 Si II 2.1±0.2
4042.5 1264.7 2.196 Si II* 1.6±0.2
4104.9 1334.5 2.0768 C II 1.0±0.2
4179.6
1302.2 2.1995 O I
7.0±0.3
1304.4 2.1995 Si II
1393.7 1.9904 Si IV
1402.7 1.9904 Si IV
4273.0 1334.5 2.1995 C II
4.6±0.2
4273.0 1335.7 2.1995 C II*
4458.6 1393.7 2.1995 Si IV 1.5±0.1
4486.8 1402.7 2.1995 Si IV 1.4±0.1
4578.8 1533.4 1.9904 Si II* 0.8±0.1
4630.0 1548.2 1.9904 C IV
6.2±0.2
4661.1 1550.8 1.9904 C IV
4630.0 1548.2 2.0008 C IV
4661.1 1550.8 2.0008 C IV
4769.2
1548.2 2.0768 C IV
1.3±0.1
1550.8 2.0768 C IV
4699.0 1526.7 2.0768 Si II 0.5±0.2
4882.7 1526.7 2.1995 Si II 2.0±0.1
4908.7 1533.4 2.1995 Si II* 0.9±0.1
4957.6 1548.2 2.1995 C IV
4.1±0.1
4957.6 1550.8 2.1995 C IV
5146.5 1608.4 2.1995 Fe II 0.6±0.1
5346.9 1670.7 2.1995 Al II 2.7±0.1
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Table 14Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5896.5 2796.3 1.1083 Mg II
1.98±0.17
5909.7 2803.5 1.1083 Mg II
Table 15. GRB060115 (z = 3.5328)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5507.0 1215.7 3.5328 Lyα
5634.3 1242.8 3.5328 NV 4±2
5713.1 1260.4 3.5328 Si II 8±3
5735.2 1264.7 3.5328 Si II* 5±2
5909.3
1302.2 3.5328 O I
11.5±1.8
1304.4 3.5328 Si II
6030.0 2.8±1.4
6051.0 1334.5 3.5328 C II 8.6±1.8
6918.5 1526.7 3.5328 Si II 6.3±1.6
7022.5
1548.8 3.5328 C IV
6.0±1.6
1550.2 3.5328 C IV
7572.8 1670.8 3.5328 Al II 8.1±1.5
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Table 16. GRB 060124 (z = 2.3000)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
LRIS/R300
4011.7 1215.7 2.3000 Lyα 13.12 ± 2.44
4231.2 10.03 ± 1.70
4598.5 1393.8 2.3000 SiIV 4.73 ± 1.08
4846.6 5.73 ± 0.84
4862.6 2.43 ± 0.71
5108.8 1548.2 2.3000 CIV 9.68 ± 0.74
1550.8 2.3000 CIV
6873.6 2.56 ± 0.70
Table 17. GRB060206 (z = 4.0559)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
6147.9 1215.7 4.0559 Lyα
6370.8 1260.4 4.0559 Si II
11.99±0.09
6395.2 1264.7 4.0559 Si II*
6421.5 2586.7 1.4822 Fe II 0.29±0.09
6453.7 2600.2 1.4822 Fe II 0.68±0.09
6589.0
1302.2 4.0559 O I
14.04±0.09
1304.4 4.0559 Si II
6746.0 1334.5 4.0559 C II 11.45±0.14
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Table 18. GRB 060210 (z = 3.9122)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
GMOS/R400
5963.5 2026.1 1.9253 ZnII 174.46 ± 1.59
1215.7 3.9133 Lyα
6088.3 1238.8 3.9133 NV 5.02 ± 0.53
1239.9 3.9133 MgII
1240.4 3.9133 MgII
6106.9 1242.8 3.9133 NV 4.93 ± 0.46
6154.4 1250.6 3.9133 SII 8.32 ± 0.49
1253.8 3.9133 SII
6196.5 1259.5 3.9133 SII 21.69 ± 0.42
1260.4 3.9133 SiII
1260.5 3.9133 FeII
1260.7 3.9133 CI
6214.0 1264.7 3.9133 SiII* 7.30 ± 0.29
1265.0 3.9133 SiII*
6280.0 1302.2 3.8186 OI 3.52 ± 0.36
1304.4 3.8186 SiII
1276.5 3.9133 CI
1277.2 3.9133 CI
1280.1 3.9133 CI
6407.3 1301.9 3.9133 PII 23.82 ± 0.41
1302.2 3.9133 OI
1304.4 3.9133 SiII
1304.9 3.9133 OI*
1306.0 3.9133 OI**
6432.6 1334.5 3.8186 CII 2.85 ± 0.24
1309.3 3.9133 SiII*
6561.3 1328.8 3.9133 CI 21.23 ± 0.40
1334.5 3.9133 CII
1335.7 3.9133 CII*
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Table 18Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
6536.1 1.27 ± 0.21
6759.6 1.31 ± 0.17
6848.5 2344.2 1.9253 FeII 14.99 ± 0.28
1393.8 3.9133 SiIV
6873.9 4.45 ± 0.19
6885.9 1400.4 3.9133 SnII 2.91 ± 0.11
6892.8 1402.8 3.9133 SiIV 9.74 ± 0.14
6895.1 2.24 ± 0.16
6946.7 2374.5 1.9253 FeII 1.58 ± 0.16
1414.4 3.9133 GaII
6970.1 1419.0 3.9133 CO 0.88 ± 0.15
7400.2 0.96 ± 0.14
7460.3 1548.2 3.8186 CIV 3.51 ± 0.13
7471.8 1550.8 3.8186 CIV 2.35 ± 0.13
7505.2 1526.7 3.9133 SiII 18.04 ± 0.19
7534.4 1532.5 3.9133 PII 5.17 ± 0.14
1533.4 3.9133 SiII*
7566.1 2586.7 1.9253 FeII 1.21 ± 0.13
7614.2 2600.2 1.9253 FeII 42.36 ± 0.24
1544.3 3.9133 CO
1548.2 3.9133 CIV
1550.8 3.9133 CIV
7677.5 1560.3 3.9133 CI 3.83 ± 0.16
7909.2 1608.5 3.9133 FeII 7.91 ± 0.22
1611.2 3.9133 FeII
1612.8 3.9133 FeII*
1613.4 3.9133 CI
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Table 19. GRB 060502A (z = 1.5025)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
GMOS/R400
5688.2 2796.4 1.0323 MgII 5.11 ± 0.47
2803.5 1.0323 MgII
5727.5 3.53 ± 0.48
5860.6 2338.7 1.5026 FeII* 1.31 ± 0.43
5897.1 1.96 ± 0.40
5936.4 2374.5 1.5026 FeII 2.73 ± 0.30
5957.8 2381.5 1.5026 FeII* 2.82 ± 0.26
5970.9 2382.8 1.5026 FeII 6.01 ± 0.28
2383.8 1.5026 FeII*
6013.0 2396.2 1.5026 FeII* 12.57 ± 0.52
2396.4 1.5026 FeII*
2400.0 1.5026 FeII*
2405.2 1.5026 FeII*
2405.6 1.5026 FeII*
2407.4 1.5026 FeII*
2411.3 1.5026 FeII*
2411.8 1.5026 FeII*
2414.1 1.5026 FeII*
6090.6 1.13 ± 0.23
6445.6 2576.9 1.5026 MnII 0.83 ± 0.21
6470.2 2586.7 1.5026 FeII 2.08 ± 0.25
6504.7 2599.2 1.5026 FeII* 3.91 ± 0.23
2600.2 1.5026 FeII
6521.0 2606.5 1.5026 MnII 0.77 ± 0.22
2607.9 1.5026 FeII*
6535.6 2612.7 1.5026 FeII* 1.10 ± 0.25
6839.2 2.38 ± 0.33
6884.7 2740.4 1.5026 FeII* 7.74 ± 0.46
2747.3 1.5026 FeII*
2747.9 1.5026 FeII*
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Table 19Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
2750.2 1.5026 FeII*
2756.6 1.5026 FeII*
6998.0 2796.4 1.5026 MgII 4.73 ± 0.18
7016.0 2803.5 1.5026 MgII 4.26 ± 0.21
7033.5 3.34 ± 0.24
7139.9 2853.0 1.5026 MgI 2.26 ± 0.20
7208.9 1.08 ± 0.30
Table 20. GRB060512 (z = 2.1)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
3750 1215.7 2.1 Lyα -
Table 21. GRB060526 (z = 3.2213)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5131.0 1215.7 3.2213 Lyα
5248.0 1242.8 3.2213 NV 1.1±0.3
5319.8 1260.4 3.2213 Si II 6.0±0.3
5500.7
1302.2 3.2213 O I
7.5±0.4
1304.4 3.2213 Si II
5633.4 1334.4 3.2213 C II 7.5±0.4
6443.9 1526.7 3.2213 Si II 3.3±0.4
6539.0
1548.2 3.2213 C IV
1.9±0.4
1550.8 3.2213 C IV
6788.7 1608.4 3.2213 Fe II 1.9±0.4
7053.2 1670.7 3.2213 Al II 3.6±0.4
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Table 22. GRB060604
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5217.0 13±4
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Table 23. GRB 060607A (z = 3.0749)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
6308.8 1548.2 3.0746 CIV 1.13 ± 0.05
6319.4 1550.8 3.0746 CIV 0.83 ± 0.05
Table 24. GRB060707 (z = 3.4240)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5342.6 1215.7 3.4240 Lyα
5538.8 1250.6 3.4240 S II 6.7±1.3
5724.4 4.5±1.2
5760.8 1302.2 3.4240 O i 9.2±1.1
5768.8 1304.4 3.4240 Si ii 6.0±2.0
5902.1 1334.5 3.4240 C ii
10.4±1.3
5909.0 1335.7 3.4240 C ii*
6755.7 1526.7 3.4240 Si ii 10.2±1.4
6851.6 1548.2 3.4240 C iv
5.7±1.2
6858.3 1550.8 3.4240 C iv
7391.4 1670.8 3.4240 Al ii 9.4±1.6
8002.1 1808.0 3.4240 Si ii 3.8±1.9
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Table 25. GRB060714 (z = 2.7108)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4503.8 1215.7 2.7108 Lyα
4640.2 1250.6 2.7108 S ii 3.3±0.7
4651.6 1253.8 2.7108 S ii 3.5±0.6
4676.5 1260.4 2.7108 Si ii 7.2±0.6
4693.8 1264.7 2.7108 Si ii* 3.7±0.6
4837.3
1302.2 2.7108 O i
12.7±0.6
1304.4 2.7108 Si ii
4859.7 1309.3 2.7108 Si ii* 1.0±0.4
4954.3 1335.3 2.7108 C ii 10.5±0.5
5171.4 1393.8 2.7108 Si iv 5.8±0.4
5205.1 1402.8 2.7108 Si iv 5.0±0.4
5665.5 1526.7 2.7108 Si ii 6.8±0.5
5691.1 1533.4 2.7108 Si ii* 2.2±0.4
5749.1 1549.1 2.7108 C iv 13.1±0.4
5969.9 1608.4 2.7108 Fe ii 5.0±0.5
6200.3 1670.8 2.7108 Al ii 7.6±0.5
6345.1 1709.6 2.7108 Ni ii 0.7±0.3
6462.8 1741.6 2.7108 Ni ii 1.0±0.3
6709.0 1808.0 2.7108 Si ii 2.2±0.4
6880.9 1854.7 2.7108 Al iii 9.1±0.5
6912.0 1862.8 2.7108 Al iii 4.3±0.5
7516.9
2026.1 2.7108 Zn ii
1.8±0.6
2026.5 2.7108 Mg I
7652.9 2062.7 2.7108 Zn ii in telluri band
8227.8 3.1±0.7
8700.2 2344.2 2.7108 Fe ii 8.0±1.1
8812.1 2374.5 2.7108 Fe ii 6.8±1.0
8843.4 2382.8 2.7108 Fe ii 9.6±1.0
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Table 26. GRB060729 (z = 0.5428)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4010.7 2600.2 0.5428 Fe ii 0.7±0.2
4314.7 2796.3 0.5428 Mg ii
2.80±0.06
4325.5 2803.5 0.5428 Mg ii
4402.1 2853.0 0.5428 Mg i 0.91±0.06
6070.1 3934.8 0.5428 Ca ii (K) 1.16±0.04
6123.7 3969.6 0.5428 Ca ii (H) 0.85±0.04
Table 27. GRB060807
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5200.0 0.6±0.3
Table 28. GRB060904B (z = 0.7029)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4383.5 2576.9 0.7029 Mn ii 0.6±0.3
4404.0 2586.7 0.7029 Fe ii 1.6±0.3
4427.3 2600.2 0.7029 Fe ii 3.1±0.3
4763.7 2796.3 0.7029 Mg ii
7.9±0.2
4772.6 2803.5 0.7029 Mg ii
4858.4 2853.0 0.7029 Mg i 1.7±0.2
6352.6 3727.7 0.7029 [O ii℄ emission
6701.7 3934.8 0.7029 Ca ii (K) 2.3±0.2
6760.6 3969.6 0.7029 Ca ii (H) 1.8±0.2
8531.7 5008.2 0.7029 [O iii℄ emission
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Table 29. GRB060906 (z = 3.6856)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5689.8 1215.7 3.6856 Lyα
5904.0 1260.4 3.6856 Si ii 4.0±1.0
6108.2
1302.2 3.6856 O i
5.5±1.1
1304.4 3.6856 Si ii
6254.6 1334.5 3.6856 C ii 6.1±0.9
6335.9 2796.3 1.2659 Mg ii
3.7±0.7
6352.5 2803.5 1.2659 Mg ii
6529.2 1393.8 3.6856 Si iv 3.2±0.8
7153.6 1526.7 3.6856 Si ii 2.2±0.9
7258.1
1548.2 3.6856 C IV
3.4±0.9
1550.8 3.6856 C IV
Table 30. GRB060908 (z = 1.8836)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4464.8 1548.2 1.8836 C IV
9.3±1.5
4471.5 1550.8 1.8836 C IV
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Table 31. GRB060926 (z = 3.2086)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5116.2 1215.7 3.2086 Lyα
5382.1 2796.3 0.9242 Mg ii
4.8±1.8
5393.1 2803.5 0.9242 Mg ii
5614.3 1334.5 3.2086 C ii
5.5±1.4
5625.1 1335.7 3.2086 C ii*
5863.7 1393.8 3.2086 Si IV 3.9±1.4
6426.2 1526.7 3.2086 Si ii 4.0±1.1
6517.7
1548.2 3.2086 C iv
8.0±1.2
1550.8 3.2086 C iv
6637.5 2374.5 1.7954 Fe ii 4.8±1.0
6660.6 2382.8 1.7954 Fe ii 4.7±1.4
7232.3 2586.7 1.7954 Fe ii 7.3±1.5
7267.9 2600.2 1.7954 Fe ii 4.6±1.5
7816.2 2796.3 1.7954 Mg ii 7.5±2.0
7837.1 2803.5 1.7954 Mg ii 7.8±2.0
Table 32. GRB060927 (z = 5.4636)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
7865. 1215.7 5.4636 Lyα
8146.7 1260.4 5.4636 Si ii 9.0±4.0
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Table 33. GRB061007 (z = 1.2622)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5302.8 2344.2 1.2622 Fe ii 6.4±1.7
5370.4 2374.5 1.2622 Fe ii 8.0±2.0
5389.5 2382.8 1.2622 Fe ii 5.1±1.5
5777.2 2796.3 1.0660 Mg ii
13.9±1.8
5788.2 2803.5 1.0660 Mg ii
5827.7 2576.9 1.2622 Mn ii 2.8±1.3
5852.0 2586.7 1.2622 Fe ii 7.3±1.3
5884.5 2600.2 1.2622 Fe ii 5.9±1.4
6324.5 2796.3 1.2622 Mg ii 5.8±1.1
6341.9 2803.5 1.2622 Mg ii 6.4±1.1
8134.3 3934.8 1.0660 Ca II 3.5±1.1
8429.3 3726.0 1.2622 [O ii℄ emission
8440.3 3728.8 1.2622 [O ii℄ emission
Table 34. GRB061021 (z = 0.3463)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
3767.9
2796.4 0.3463 Mg ii
2.5 ± 0.7
2803.5 0.3463 Mg ii
Table 35. GRB061110A (z = 0.7578)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4914.
2796.3 0.7578 Mg II
6.4±1.4
2803.5 0.7578 Mg II
6551.8 3727.7 0.7578 Hβ emission
8719.7 4960.3 0.7578 [O iii℄ emission
8803.3 5008.2 0.7578 [O iii℄ emission
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Table 36. GRB061110B (z = 3.4344)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5350.7 1215.7 3.4344 Lyα
5774.2 1302.2 3.4344 O i 4.7 ± 1.0
5785.8 1304.4 3.4344 Si ii 6.9 ± 1.1
5919.3
1334.5 3.4344 C ii
6.7 ± 1.4
1335.7 3.4344 C ii*
6182.1 1393.8 3.4344 Si iv 6.6 ± 1.2
6221.4 1402.8 3.4344 Si iv 5.9 ± 1.3
6767.8 1526.7 3.4344 Si ii 3.2 ± 0.8
6802.2 1533.4 3.4344 Si ii* 3.5 ± 0.9
6862.5 1548.2 3.4344 C IV
9.6±1.5
6875.3 1550.8 3.4344 C IV
7409.6 1670.8 3.4344 Al ii 4.1 ± 1.3
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Table 37. GRB 061121 (z = 1.3145)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
LRISb/B600
3534.1 1526.7 1.3145 SiII 4.74 ± 0.13
3549.0 1532.5 1.3145 PII 1.75 ± 0.13
1533.4 1.3145 SiII*
3587.2 1548.2 1.3145 CIV 10.20 ± 0.14
1550.8 1.3145 CIV
3609.2 1560.3 1.3145 CI 1.14 ± 0.10
3722.7 1608.5 1.3145 FeII 4.26 ± 0.08
3732.4 1611.2 1.3145 FeII 1.16 ± 0.09
1612.8 1.3145 FeII*
1613.4 1.3145 CI
3745.8 1618.5 1.3145 FeII* 0.33 ± 0.07
3753.0 1621.7 1.3145 FeII* 0.61 ± 0.07
3762.3 0.31 ± 0.07
3770.7 1629.2 1.3145 FeII* 0.49 ± 0.07
3785.3 1637.4 1.3145 FeII* 1.38 ± 0.11
1634.4 1.3145 FeII*
1636.3 1.3145 FeII*
3817.6 0.20 ± 0.07
3836.6 1656.9 1.3145 CI 0.57 ± 0.09
3867.7 1670.8 1.3145 AlII 5.42 ± 0.08
3939.0 1702.0 1.3145 FeII* 0.49 ± 0.05
3957.3 1709.6 1.3145 NiII 0.77 ± 0.07
4031.7 1741.6 1.3145 NiII 1.22 ± 0.08
4044.8 1747.8 1.3145 MgI 0.23 ± 0.06
4056.3 1751.9 1.3145 NiII 0.71 ± 0.08
4185.4 1807.3 1.3145 SI 2.82 ± 0.07
1808.0 1.3145 SiII
4205.6 1816.9 1.3145 SiII* 0.38 ± 0.06
1817.5 1.3145 SiII*
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Table 37Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4231.1 1827.9 1.3145 MgI 0.49 ± 0.05
4293.4 1854.7 1.3145 AlIII 4.68 ± 0.06
4312.1 1862.8 1.3145 AlIII 3.75 ± 0.06
4690.0 2026.1 1.3145 ZnII 2.43 ± 0.06
2026.3 1.3145 CrII
2026.5 1.3145 MgI
4759.7 2056.3 1.3145 CrII 1.70 ± 0.06
4774.0 2062.2 1.3145 CrII 2.31 ± 0.06
2062.7 1.3145 ZnII
4782.2 2066.2 1.3145 CrII 1.09 ± 0.06
5013.1 2166.2 1.3145 NiII* 0.68 ± 0.05
5020.8 2169.8 1.3145 NiII* 0.24 ± 0.05
5034.3 2175.4 1.3145 NiII* 0.31 ± 0.06
5131.1 2217.2 1.3145 NiII* 1.32 ± 0.05
5146.0 2223.6 1.3145 NiII* 0.53 ± 0.05
5152.8 0.32 ± 0.05
5207.7 2249.9 1.3145 FeII 1.44 ± 0.06
5215.7 0.64 ± 0.06
5233.1 2260.8 1.3145 FeII 1.76 ± 0.06
5277.3 0.38 ± 0.05
5331.5 0.20 ± 0.05
5361.8 2316.8 1.3145 NiII* 0.93 ± 0.05
5387.8 2328.1 1.3145 FeII* 0.92 ± 0.06
5400.1 2333.5 1.3145 FeII* 2.11 ± 0.07
5412.7 2338.7 1.3145 FeII* 1.16 ± 0.06
5426.7 2344.2 1.3145 FeII 6.53 ± 0.06
2345.0 1.3145 FeII*
5436.5 2349.0 1.3145 FeII* 1.80 ± 0.05
5452.6 0.20 ± 0.05
5463.3 2359.8 1.3145 FeII* 2.09 ± 0.06
5475.1 2365.6 1.3145 FeII* 1.34 ± 0.06
5483.7 0.51 ± 0.05
5497.3 2374.5 1.3145 FeII 6.01 ± 0.07
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Table 37Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5515.9 2381.5 1.3145 FeII* 8.53 ± 0.07
2382.8 1.3145 FeII
2383.8 1.3145 FeII*
5530.5 2389.4 1.3145 FeII* 1.62 ± 0.06
5546.8 2396.2 1.3145 FeII* 2.86 ± 0.06
2396.4 1.3145 FeII*
5555.1 2400.0 1.3145 FeII* 1.69 ± 0.06
5568.2 2405.3 1.3145 FeII* 2.45 ± 0.06
2405.6 1.3145 FeII*
5572.4 2407.4 1.3145 FeII* 1.46 ± 0.05
5582.0 2411.3 1.3145 FeII* 2.34 ± 0.08
2411.8 1.3145 FeII*
5587.8 2414.1 1.3145 FeII* 1.30 ± 0.06
5608.5 0.26 ± 0.06
LRISr/R400
5570.8 2405.2 1.3145 FeII* 2.41 ± 0.21
2405.6 1.3145 FeII*
2407.4 1.3145 FeII*
5583.1 2411.3 1.3145 FeII* 2.71 ± 0.21
2411.8 1.3145 FeII*
2414.1 1.3145 FeII*
5935.1 1.47 ± 0.09
5966.8 2576.9 1.3145 MnII 3.08 ± 0.09
5989.2 2586.7 1.3145 FeII 7.34 ± 0.09
6006.8 2594.5 1.3145 MnII 3.01 ± 0.08
6020.0 2599.2 1.3145 FeII* 8.80 ± 0.07
2600.2 1.3145 FeII
6035.8 2606.6 1.3145 MnII 3.49 ± 0.08
2607.9 1.3145 FeII*
6049.4 2612.7 1.3145 FeII* 3.61 ± 0.07
2614.6 1.3145 FeII*
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Table 37Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
6061.4 2618.4 1.3145 FeII* 1.13 ± 0.08
2621.2 1.3145 FeII*
2622.5 1.3145 FeII*
6083.6 2621.2 1.3145 FeII* 5.16 ± 0.13
2622.5 1.3145 FeII*
2626.5 1.3145 FeII*
2629.1 1.3145 FeII*
2631.8 1.3145 FeII*
2632.1 1.3145 FeII*
6284.7 0.88 ± 0.09
6315.2 0.84 ± 0.09
6343.0 2740.4 1.3145 FeII* 1.55 ± 0.08
6361.6 2747.3 1.3145 FeII* 4.45 ± 0.10
2747.9 1.3145 FeII*
2750.2 1.3145 FeII*
6380.3 2756.6 1.3145 FeII* 1.49 ± 0.09
6473.6 2796.4 1.3145 MgII 10.25 ± 0.09
6490.3 2803.5 1.3145 MgII 9.71 ± 0.07
6603.9 2853.0 1.3145 MgI 5.70 ± 0.09
6873.2 2967.8 1.3145 FeI 2.33 ± 0.10
6897.3 1.10 ± 0.11
7839.8 3384.7 1.3145 TiII 1.52 ± 0.15
8231.0 1.84 ± 0.11
9106.0 3934.8 1.3145 CaII 4.07 ± 0.19
9186.8 3969.6 1.3145 CaII 3.30 ± 0.16
 84 
Table 38. GRB070110 (z = 2.3521)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4067.7 1215.7 2.3521 Lyα
4224.2 1260.4 2.3521 Si ii 4.5 ± 0.4
4240.7 1264.7 2.3521 Si ii* 2.4 ± 0.4
4368.6
1302.2 2.3521 O i
7.1 ± 0.4
1304.4 2.3521 Si ii
4425.1
1548.2 1.856 C iv
8.2±0.4
1550.8 1.856 C iv
4474.1
1334.5 2.3521 C ii
3.8 ± 0.3
1335.7 2.3521 C ii*
4672.1 1393.8 2.3521 Si iv 1.4 ± 0.3
4702.8 1402.8 2.3521 Si iv 1.4 ± 0.3
4773.7 1670.8 1.856 Al ii 1.1±0.3
5116.3 1526.7 2.3521 Si ii 3.5 ± 0.3
5141.7 1533.4 2.3521 Si ii* 1.2 ± 0.3
5193.5
1548.2 2.3521 C iv
3.1 ± 0.3
1550.8 2.3521 C iv
5391.1 1608.4 2.3521 Fe ii 2.5 ± 0.3
5600.4 1670.8 2.3521 Al ii 3.0 ± 0.3
5730.3 1709.6 2.3521 Ni ii 1.2 ± 0.3
5838.9 1741.6 2.3521 Ni ii 0.9 ± 0.3
6059.4 1808.0 2.3521 Si ii 1.4 ± 0.3
6215.6 1854.7 2.3521 Al iii 1.1 ± 0.3
6246.4 1862.8 2.3521 Al iii 1.0 ± 0.3
6790.1
2026.1 2.3521 Zn ii
2.0 ± 0.4
2026.5 2.3521 Mg I
7860.9 2344.2 2.3521 Fe ii 2.9 ± 0.8
7959.6 2374.5 2.3521 Fe ii 3.3 ± 0.6
7985.9 2382.8 2.3521 Fe ii 7.1 ± 0.8
8670.6 2586.7 2.3521 Fe ii 1.9 ± 0.9
8714.4 2600.2 2.3521 Fe ii 6.8 ± 0.6
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Table 39. GRB070125 (z = 1.5471)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
3950.3
1548.2 1.5471 C iv
1.7 ± 0.3
1550.8 1.5471 C iv
7122.4 2796.3 1.5471 Mg ii 0.5 ± 0.1
7140.8 2803.5 1.5471 Mg ii 0.4 ± 0.1
Table 40. GRB070306 (z = 1.4965)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
9306.3 3727.7 1.4965 [O ii℄ emission
Table 41. GRB070318 (z = 0.8397)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4313.1 2344.2 0.8397 Fe ii 1.4 ± 0.3
4365.2 2374.5 0.8397 Fe ii 0.8 ± 0.2
4381.7 2382.8 0.8397 Fe ii 2.2 ± 0.3
4743.5 2576.9 0.8397 Mn ii
6.7 ± 0.4
4758.1 2586.7 0.8397 Fe ii
4772.6 2594.5 0.8397 Mn ii
4783.6 2600.2 0.8397 Fe ii
4795.0 2606.5 0.8397 Mn ii
5145.4 2796.4 0.8397 Mg ii
4.8 ± 0.3
5157.9 2803.5 0.8397 Mg ii
5247.8 2853.0 0.8397 Mg i 1.2 ± 0.2
6228.2 3384.7 0.8397 Ti II 1.0±0.3
7238.4 3934.8 0.8397 Ca II 3.8±0.4
7305.5 3969.6 0.8397 Ca II 1.8±0.4
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Table 42. GRB070411 (z = 2.9538)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4806.5 1215.7 2.9538 Lyα
4983.9 1260.4 2.9538 Si ii 1.1 ± 0.3
5156.9
1302.2 2.9538 O i
1.3 ± 0.3
1304.4 2.9538 Si ii
5276.6 1334.5 2.9538 C ii 2.1 ± 0.3
5280.6 1335.7 2.9538 C ii* 0.7 ± 0.2
5509.3 1393.8 2.9538 Si iv 3.1 ± 0.4
5545.9 1402.8 2.9538 Si iv 2.6 ± 0.4
6033.8 1526.7 2.9538 Si ii 1.7 ± 0.4
6120.5 1548.2 2.9538 C iv
10.1± 0.5
6131.8 1550.8 2.9538 C iv
6358.8 1608.4 2.9538 Fe ii 0.9 ± 0.3
6606.3 1670.8 2.9538 Al ii 1.8 ± 0.3
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Table 43. GRB 070419A (z = 0.9705)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
GMOS/R831
7753.8 3934.8 0.9705 CaII 2.46 ± 0.31
7822.2 3969.6 0.9705 CaII 1.21 ± 0.29
8332.3 4227.9 0.9705 CaI 0.84 ± 0.18
Table 44. GRB070506 (z = 2.3090)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4017.1 1215.7 2.3090 Lyα
4166.8 1260.4 2.3090 Si II 9.0±2.0
4314.5
1302.2 2.3090 O I
8.5±2.0
1304.4 2.3090 Si II
4641.3 1402.7 2.3090 Si IV 4.4±1.5
4758.7
1548.2 2.0709 C IV
7.5±1.4
1550.8 2.0709 C IV
5049.5 1526.7 2.3090 Si II 6.7±0.9
5085.2 6.4±0.9
5122.
1548.2 2.3090 C IV
6.4±1.0
1550.8 2.3090 C IV
5324.7 1608.4 2.3090 Fe II 4.4±0.7
5528.4 1670.7 2.3090 Al II 4.7±0.6
5694.2 1854.7 2.0709 Al III 3.1±0.5
5721.4 1862.7 2.0709 Al III 3.1±0.5
6140.1 1854.7 2.3090 Al III 2.6±0.5
6706.8
2026.1 2.3090 Zn II
2.8±0.5
2026.5 2.3090 Mg I
6824.8
2062.2 2.3090 Cr II
2.9±0.5
2062.6 2.3090 Zn II
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Table 45. GRB070611 (z = 2.0394)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
3694.8 1215.7 2.0394 Lyα
4359.4 2796.3 0.5588 Mg ii 2.5±1.0
4369.8 2803.5 0.5588 Mg ii 2.5±1.0
4708.8
1548.2 2.0394 C iv
2.9±1.0
1550.8 2.0394 C iv
5472.6 2382.8 1.2973 Fe ii 2.2±0.7
6425.4 2796.3 1.2973 Mg ii 3.9±0.7
6440.4 2803.5 1.2973 Mg ii 3.2±0.7
8497.0 2796.3 2.0394 Mg ii 2.8±1.2
8523.2 2803.5 2.0394 Mg ii 3.6±0.9
Table 46. GRB070721B (z = 3.6298)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4970.0 1215.7 3.0939 Lyα
5590.0 1215.7 3.6298 Lyα
6028.1
1302.2 3.6298 O i
6.5±1.9
1304.4 3.6298 Si ii
6179.8 1334.5 3.6298 C ii 5.0±2.0
6248.7 1526.7 3.0939 Si ii 7.0±2.2
6337.3 1548.2 3.0939 C iv
19.0±3.0
6349.9 1550.8 3.0939 C iv
6450.2 1393.8 3.6298 Si iv 6.0±1.9
6492.7 1402.8 3.6298 Si iv 7.0±2.2
6584.2 1608.5 3.0939 Fe ii 9.0±1.9
6842.2 1670.8 3.0939 Al ii 7.6±2.0
7066.2 1526.7 3.6298 Si ii 5.8±1.9
7104.6 1533.4 3.6298 Si II* 5.9±1.8
7167.5 1548.2 3.6298 C iv
14.6±2.6
7180.8 1550.8 3.6298 C iv
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Table 47. GRB070802 (z = 2.4511)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4200.0 1215.7 2.4541 Lyα
4607.9 1334.5 2.4541 C ii 16±6
5141.4 1670.7 2.0785 Al ii 6.0±1.7
5273.9 1526.7 2.4541 Si ii 10±2
5350.9
1548.2 2.4541 C iv
7.3±1.8
1550.8 2.4541 C iv
5390.7 1560.3 2.4541 C i 2.4±1.2
5556.4 1608.4 2.4541 Fe ii 10.5±1.6
5724.5 1656.9 2.4541 C i 4.7±1.1
5771.2 1670.7 2.4541 Al ii 14.3±1.2
6246.5 1808.8 2.4541 Si ii 3.9±1.0
6404.9 1854.7 2.4541 Al iii 2.4±1.0
7000.1
2026.1 2.4541 Zn ii
4.2±1.0
2026.5 2.4541 Mg I
7104.1 2056.3 2.4541 Cr ii 2.0±0.9
7124.8 2062.2 2.4541 Cr ii
2.53±0.9
7126.3 2062.7 2.4541 Zn ii
7218.7 2344.2 2.0785 Fe ii 3.4±1.0
7311.4 2374.5 2.0785 Fe ii 4.5±1.0
7335.7 2382.8 2.0785 Fe ii 4.9±1.0
7810.7 2260.8 2.4541 Fe ii 6.6±1.0
8005.9 2600.2 2.0785 Fe ii 4.7±1.1
8094.1 2344.2 2.4541 Fe ii 16.5±2.0
8200.5 2374.5 2.4541 Fe ii 12.7±1.5
8228.0 2382.8 2.4541 Fe ii 18.8±1.5
8277.1 2396.4 2.4541 Fe ii* 2.9±1.4
8308.7 2405.6 2.4541 Fe ii** 2.8±1.4
8515.5 2586.7 2.2921 Fe ii 2.3±0.6
8560.6 2600.2 2.2921 Fe ii 2.2±0.6
8607.0 2796.3 2.0785 Mg ii 11.3±0.6
8631.0 2803.5 2.0785 Mg ii 11.5±0.6
8780.1 2853.0 2.0785 Mg i 2.7±1.1
8902.8 2576.9 2.4541 Mn ii 5.0±1.2
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Table 47Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
8934.4 2586.7 2.4541 Fe ii 19.5±1.3
8979.5 2600.2 2.4541 Fe ii 29.0±1.3
9208.6 2796.3 2.2921 Mg ii 1.8±0.6
9226.5 2803.5 2.2921 Mg ii 1.4±0.6
Table 48. GRB071020 (z = 2.1462)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5254.7 1670.8 2.1462 Al ii 6±2
7376.8 2344.2 2.1462 Fe ii 5±2
7498.3 2382.8 2.1462 Fe ii 6±2
8136.8 2586.7 2.1462 Fe ii 7±2
8181.6 2600.2 2.1462 Fe ii 11±2
8274.5 6±2
8797.7 2796.3 2.1462 Mg ii 14±2
8820.9 2803.5 2.1462 Mg ii 10±2
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Table 49. GRB071031 (z = 2.6918)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4483.0 1215.7 2.6918 Lyα
4652.0 1260.4 2.6918 Si ii 2.65±0.15
4670.0 1264.7 2.6918 Si ii* 2.00±0.15
4815.2
1302.2 2.6918 O i
4.91±0.11
1304.4 2.6918 Si ii
4833.5 1309.3 2.6918 Si ii* 1.45±0.13
4862.9 1317.2 2.6918 Ni ii 0.46±0.15
4900.1 1854.7 1.6421 Al iii 0.56±0.12
4928.5
1334.5 2.6918 C ii
4.45±0.13
1335.7 2.6918 C ii*
5056.8 1370.1 2.6918 Ni ii 0.62±0.14
5145.1 1393.8 2.6918 Si iv 3.70±0.15
5178.9 1402.8 2.6918 Si iv 2.76±0.15
5224.5 1549.1 2.3726 C iv 1.40±0.14
5636.1 1526.7 2.6918 Si ii 1.99±0.11
5661.1 1533.4 2.6918 Si ii* 1.75±0.11
5717.1 1549.1 2.6918 C iv 8.05±0.16
5755.5 1559 2.6918 Fe ii***** 1.22±0.12
5938.2 1608.4 2.6918 Fe ii 3.25±0.16
5976.9 1618.5 2.6918 Fe ii*
0.93±0.12
5987.0 1621.7 2.6918 Fe ii*
6015.9 1629.2 2.6918 Fe ii** 0.94±0.12
6041.9 1636.3 2.6918 Fe ii*** 1.37±0.12
6168.3 1670.8 2.6918 Al ii 2.33±0.11
6429.7 1741.6 2.6918 Ni ii 0.59±0.12
6466.7 1751.9 2.6918 Ni ii 0.42±0.12
6674.6 1808.0 2.6918 Si ii 0.94±0.10
6848.3 1854.7 2.6918 Al iii 0.96±0.12
7032.1 2382.8 1.9514 Fe ii 1.48±0.12
7388.5 2796.3 1.6421 Mg ii 1.83±0.13
7407.3 2803.5 1.6421 Mg ii 1.42±0.15
7479.6
2026.1 2.6918 Zn ii
0.31±0.15
2026.5 2.6918 Mg I
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Table 49Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
7673.6 2600.2 1.9514 Fe ii 0.40±0.20
7996.0 2166.2 2.6918 Ni ii** 1.50±0.20
8252.9 2796.3 1.9514 Mg ii 2.40±0.19
8275.0 2803.5 1.9514 Mg ii 1.47±0.19
8553.0 2316.7 2.6918 Ni ii** 0.90±0.20
8594.7 2328.1 2.6918 Fe ii** 0.90±0.20
8614.1 2333.5 2.6918 Fe ii* 2.70±0.18
8635.7 2338.7 2.6918 Fe ii*** 0.73±0.22
8655.8 2344.2 2.6918 Fe ii 4.30±0.25
8672.1 2349.0 2.6918 Fe ii** 2.60±0.25
8714.7 2359.8 2.6918 Fe ii*** 2.30±0.17
8733.5 2365.6 2.6918 Fe ii* 1.68±0.17
8766.4 2374.5 2.6918 Fe ii 2.43±0.35
8797.0 2382.8 2.6918 Fe ii 4.47±0.20
8821.5 2389.4 2.6918 Fe ii* 1.35±0.35
8846.5 2396.4 2.6918 Fe ii* 1.77±0.35
8860.2 2400.0 2.6918 Fe ii** 1.79±0.35
8883.5 2405.6 2.6918 Fe ii** 3.96±0.35
8902.2 2411.3 2.6918 Fe ii*** 3.30±0.35
9549.1 2586.7 2.6918 Fe ii 3.43±0.60
9596.5 2600.2 2.6918 Fe ii 5.17±0.32
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Table 50. GRB071112C (z = 0.8227)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4273.4 2344.2 0.8227 Fe ii 2.0±0.5
4328.7 2374.5 0.8227 Fe ii 1.0±0.5
4345.0 2382.8 0.8227 Fe ii 1.6±0.5
4715.9 2586.7 0.8227 Fe ii 2.0±0.5
4741.0 2600.2 0.8227 Fe ii 2.4±0.5
5096.4 2796.3 0.8227 Mg ii
4.9±0.6
5110.1 2803.5 0.8227 Mg ii
6795.8 3727.7 0.8227 [O ii℄ emission
7051.2 3869.8 0.8227 [Ne iii℄ emission
7170.0 3934.8 0.8227 Ca II 2.4±0.5
7233.1 3969.6 0.8227 Ca II 2.8±0.8
9038.5 4960.3 0.8227 [O iii℄ emission
9127.7 5008.2 0.8227 [O iii℄ emission
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Table 51. GRB080210 (z = 2.6419)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4406.6 1215.7 2.6419 Lyα
4591.5 1260.4 2.6419 Si ii 4.2±0.7
4609.3 1264.7 2.6419 Si ii* 2.3±0.6
4652.8 1.4±0.4
4747.6
1302.2 2.6419 O i
9.7±0.6
1304.4 2.6419 Si ii
4768.8 1309.3 2.6419 Si ii* 1.3±0.5
4862.5 1334.5 2.6419 C ii 8.7±0.5
5076.3 1393.8 2.6419 Si iv 5.7±0.4
5109.4 1402.8 2.6419 Si iv 4.7±0.4
5354.3 1526.7 2.5084 Si ii 1.0±0.3
5437.0 1549.1 2.5084 C iv 4.3±0.4
5559.2 1526.7 2.6419 Si ii 5.1±0.3
5642.3
1548.2 2.6419 C iv
12.7±0.4
1550.8 2.6419 C iv
5857.5 1608.4 2.6419 Fe ii 3.7±0.3
6083.9 1670.8 2.6419 Al ii 6.2±0.3
6582.7 1808.0 2.6419 Si ii 2.1±0.3
6753.9 1854.7 2.6419 Al iii 3.9±0.3
6782.0 1862.8 2.6419 Al iii 2.4±0.3
7379.5
2026.1 2.6419 Zn ii
2.3±0.4
2026.5 2.6419 Mg I
8533.8 2344.2 2.6419 Fe ii 6.3±0.4
8644.7 2374.5 2.6419 Fe ii 1.8±0.5
8675.2 2382.8 2.6419 Fe ii 6.8±0.5
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Table 52. GRB 080310 (z = 2.4274)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
Kast/B830
4167.8 1215.7 2.4293 Lyα 11.51 ± 0.54
4222.8 1.82 ± 0.46
4263.6 1.87 ± 0.45
Kast/R600
4562.6 1393.8 2.2810 SiIV 15.89 ± 1.21
1334.3 2.4293 CII
4756.5 1.73 ± 0.41
4778.0 1393.8 2.4293 SiIV 2.37 ± 0.36
4809.1 1.81 ± 0.37
5084.2 1548.2 2.2810 CIV 7.26 ± 0.37
1550.8 2.2810 CIV
5314.8 1548.2 2.4293 CIV 7.77 ± 0.31
1550.8 2.4293 CIV
5726.0 1670.8 2.4293 AlII 2.28 ± 0.25
6485.3 1.60 ± 0.25
6550.1 1.67 ± 0.25
6895.2 4.16 ± 0.27
Table 53. GRB080319B (z = 0.9382)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4543.3 2344.2 0.9382 Fe II 1.4±0.6
4798.6
2796.3 0.716 Mg II
3.0±0.6
2803.5 0.716 Mg II
5013.5 2586.7 0.9382 Fe II 1.8±0.5
5040.9 2600.2 0.9382 Fe II 1.4±0.5
5419.6 2796.3 0.9382 Mg II 2.0±0.5
5433.6 2803.5 0.9382 Mg II 1.7±0.5
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Table 54. GRB080319C (z = 1.9492)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4502.5 1526.7 1.9492 Si II 3.9±1.7
4565.4
1548.2 1.9492 C IV
10.6±0.7
1550.8 1.9492 C IV
4743.9 1608.5 1.9492 Fe II 3.4±1.3
4926.7 1670.8 1.9492 Al II 5.7±0.9
5062.5 2796.4 0.8104 Mg II 4.0±0.8
5075.3 2803.5 0.8104 Mg II 3.7±0.8
5137.5 1741.6 1.9492 Ni II 3.0±0.6
5332.1 1808.0 1.9492 Si II 3.5±0.7
5470.3 1854.7 1.9492 Al III 4.3±0.6
5493.6 1862.8 1.9492 Al III 4.2±0.6
5976.4
2026.1 1.9492 Zn II
2.3±0.7
2026.5 1.9492 Mg I
6064.3 2056.3 1.9492 Cr II 1.9±0.6
6083.3
2062.2 1.9492 Cr II
2.3±0.6
2062.7 1.9492 Zn II
6634.0 2249.9 1.9492 Fe II 2.3±0.6
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Table 55. GRB080330 (z = 1.5119)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
3889.4
1548.2 1.5119 C iv
4.3±0.7
1550.8 1.5119 C iv
4028.8 1608.4 1.5119 Fe II 2.0±0.7
4198.2 1670.8 1.5119 Al II 2.0±0.7
5093.5
2026.1 1.5119 Zn ii
4.3±0.4
2026.5 1.5119 Mg I
5190.3 2062.2 1.5119 Cr II
0.6±0.3
5190.3 2062.7 1.5119 Zn II
5883.4 2344.2 1.5119 Fe II 1.4±0.5
5983.0 2382.8 1.5119 Fe II 2.2±0.5
6497.5 2586.7 1.5119 Fe II
11±2
6527.0 2600.2 1.5119 Fe II
7031.1
2796.3 1.5119 Mg II
5.2±0.3
2803.5 1.5119 Mg II
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Table 56. GRB080411 (z = 1.0301)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
3780.1 1862.8 1.0301 Al iii 1.43±0.11
4112.2
2026.1 1.0301 Zn ii
1.30±0.07
2026.5 1.0301 Mg I
4188.4 2062.2 1.0301 Cr ii
1.12±0.08
4188.4 2062.7 1.0301 Zn ii
4398.0 2166.2 1.0301 Ni ii** 0.62±0.06
4439.8 1.33±0.06
4500.8 2217.2 1.0301 Ni ii** 0.61±0.06
4516.3 2223.0 1.0301 Ni ii 0.20±0.06
4566.8 2249.9 1.0301 Fe ii 0.69±0.06
4591.6 2260.8 1.0301 Fe ii 0.68±0.06
4705.2 2316.7 1.0301 Ni ii** 0.26±0.05
4734.8 2333.5 1.0301 Fe ii* 0.91±0.05
4761.2
2338.7 1.0301 Fe ii***
2.87±0.062344.7 1.0301 Fe ii
2349.0 1.0301 Fe ii**
4795.7
2359.8 1.0301 Fe ii***
1.37±0.06
2365.6 1.0301 Fe ii**
4822.2 2374.5 1.0301 Fe ii
9.31±0.11
4836.3 2382.8 1.0301 Fe ii
4867.3 2396.4 1.0301 Fe ii*
4885.9
2400.0 1.0301 Fe ii**
2405.6 1.0301 Fe ii**
2411.3 1.0301 Fe ii***
5203.3 0.21±0.08
5231.0 2576.9 1.0301 Mn ii 0.45±0.05
5252.1 2586.7 1.0301 Fe ii
8.37±0.20
5277.7 2600.2 1.0301 Fe ii
5294.8 2607.9 1.0301 Fe ii**
5302.8 2612.7 1.0301 Fe ii*
5314.2
2614.6 1.0301 Fe ii***
2618.4 1.0301 Fe ii**
5337.5
2622.5 1.0301 Fe ii****
2.32±0.10
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Table 56Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
2626.5 1.0301 Fe ii*
2629.1 1.0301 Fe ii****
2631.9 1.0301 Fe ii**
5677.1 2796.3 1.0301 Mg ii
6.43±0.15
5690.6 2805.3 1.0301 Mg ii
5791.5 2853.0 1.0301 Mg i 1.17±0.10
7984.6 3934.8 1.0301 Ca ii (K) 2.19±0.30
8055.6 3969.6 1.0301 Ca ii (H) 2.25±0.30
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Table 57. GRB 080413A (z = 2.4330)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5241.9 1526.7 2.4330 SiII 1.9± 0.3
5314.6 1548.2 2.4330 CIV 2.8± 0.3
5323.3 1550.8 2.4330 CIV 2.5± 0.3
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Table 58. GRB080413B (z = 1.1014)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
3374.5 1608.4 1.1014 Fe ii 0.9±0.4
3508.7 1670.8 1.1014 Al ii 4.9±1.0
3799.4 1808.0 1.1014 Si ii 1.12±0.20
3896.7 1854.7 1.1014 Al iii 0.76±0.20
3915.0 1862.8 1.1014 Al iii 0.76±0.20
4258.2
2026.1 1.1014 Zn ii
1.39±0.15
2026.5 1.1014 Mg I
4287.5 0.30±0.10
4322.5 2056.3 1.1014 Cr ii
1.41±0.10
4334.1
2062.2 1.1014 Cr ii
2062.7 1.1014 Zn ii
4659.9 2217.2 1.1014 Ni ii** 0.29±0.08
4726.6 2249.9 1.1014 Fe ii 0.49±0.08
4751.4 2260.8 1.1014 Fe ii 0.72±0.08
4926.3 2344.2 1.1014 Fe ii 4.56±0.08
4990.4 2374.5 1.1014 Fe ii 3.04±0.15
5006.9 2382.8 1.1014 Fe ii 5.08±0.15
5038.5 2396.4 1.1014 Fe ii* 0.52±0.15
5057.1 2405.6 1.1014 Fe ii** 0.45±0.15
5414.7 2576.9 1.1014 Mn ii
15.84±0.30
5436.0 2586.7 1.1014 Fe ii
5463.3 2600.2 1.1014 Fe ii
5488.4 2612.7 1.1014 Fe ii*
5525.6 2626.5 1.1014 Fe ii*
0.82±0.10
5877.0 2796.3 1.1014 Mg ii
13.40±0.20
5889.0 2803.5 1.1014 Mg ii
5995.1 2853.0 1.1014 Mg i 2.18±0.10
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Table 59. GRB080520 (z = 1.5457)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
7116.6 2796.3 1.5457 Mg ii 6±3
7137.0 2803.5 1.5457 Mg ii 8±3
7266.0 2853.0 1.5457 Mg i 6±3
9481.5 3727.1 1.5457 [O II℄ emission
9494.4 3727.9 1.5457 [O II℄ emission
Table 60. GRB080603B (z = 2.6892)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4493.3 1215.7 2.6892 Lyα
4668.0 1264.7 2.6892 Si II* 0.52±0.25
4712.5
1.51±0.204720.8
4740.9
4775.2 0.30±0.15
4807.5 1302.2 2.6892 O I
2.67±0.15
4815.0 1304.4 2.6892 Si II
4831.5 1309.3 2.6892 Si II* 0.54±0.15
4925.8 1335.3 2.6892 C II 3.88±0.15
5141.3 1393.8 2.6892 Si IV 1.87±0.14
5174.5 1402.8 2.6892 Si IV 1.25±0.14
5628.6 1526.7 2.6892 Si II 0.56±0.14
5656.4 1533.4 2.6892 Si II* 0.58±0.14
5711.3
1548.2 2.6892 C IV
4.39±0.16
1550.8 2.6892 C IV
5912.4 2796.4 1.1156 Mg II
1.21±0.13
5930.4
2803.5 1.1156 Mg II
1608.4 2.6892 Fe II
6040.0 2853.0 1.1156 Mg I 0.92±0.15
6160.8 1670.8 2.6892 Al II 1.55±0.13
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Table 61. GRB080604 (z = 1.4171)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5665.8 2344.2 1.4171 Fe II 4.8±0.7
5739.4 2374.5 1.4171 Fe II 4.3±0.6
5759.4 2382.8 1.4171 Fe II 4.7±0.6
6252.4 2586.6 1.4171 Fe II 6.4±0.5
6285.0 2600.2 1.4171 Fe II 6.4±0.5
6758.4 2796.4 1.4171 Mg II 7.6±0.7
6777.4 2803.5 1.4171 Mg II 5.4±0.5
6896. 2853.0 1.4171 Mg I in telluri band
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Table 62. GRB080605 (z = 1.6403)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
3927.4 2.8±0.8
4030.4 1526.7 1.6403 Si II 5.2±0.6
4050.2 1533.4 1.6403 Si II* 2.8±0.6
4090.1
1548.2 1.6403 C IV
13.5±0.8
1550.8 1.6403 C IV
4121.5 1560.3 1.6403 C I 1.7±0.6
4151.5 1.3±0.5
4238.1 1.4±0.5
4247.6 1608.4 1.6403 Fe II 1.6±0.5
4375.2 1656.9 1.6403 C I 1.0±0.4
4411.0 1670.8 1.6403 Al II 6.1±0.5
4773.7 1808.0 1.6403 Si II 1.2±0.3
4897.0 1854.7 1.6403 Al III 5.6±0.3
4918.4 1862.8 1.6403 Al III 4.1±0.3
5351.2
2026.1 1.6403 Zn II
1.6±0.3
2026.5 1.6403 Mg I
5429.1 2056.4 1.6403 Cr II 1.0±0.3
5445.2
2062.2 1.6403 Cr II
1.0±0.3
2062.7 1.6403 Zn II
5973.1 2600.2 1.2987 Fe II 1.4±0.3
6189.2 2344.2 1.6403 Fe II 6.6±0.3
6269.3 2374.5 1.6403 Fe II
11.6±0.4
6290.5 2382.8 1.6403 Fe II
6430.1 2796.4 1.2987 Mg II 1.77±0.2
6446.4 2803.5 1.2987 Mg II 1.27±0.2
6803.0 2576.9 1.6403 Mn II 1.35±0.2
6828.8 2586.7 1.6403 Fe II 5.6±0.3
6865.8 2600.2 1.6403 Fe II in telluri band
7380.7 2796.4 1.6403 Mg II
22.6±0.6
7400.7 2803.5 1.6403 Mg II
7531.4 2853.0 1.6403 Mg I 6.1±0.3
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Table 63. GRB 080607 (z = 3.0368)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
LRIS/R400
5626.1 1393.8 3.0368 SiIV 10.78 ± 0.41
5663.2 1402.8 3.0368 SiIV 5.86 ± 0.28
5693.6 3.23 ± 0.32
5713.6 1414.4 3.0368 GaII 1.42 ± 0.21
5735.8 1419.0 3.0368 CO 5.40 ± 0.26
5753.4 1425.0 3.0368 SI 1.00 ± 0.17
5772.1 2344.2 1.4618 FeII 4.63 ± 0.19
5802.0 1433.9 3.0368 PbII 6.62 ± 0.29
5848.9 2374.5 1.4618 FeII 10.09 ± 0.20
1447.4 3.0368 CO
5868.1 2382.8 1.4618 FeII 9.45 ± 0.21
1454.8 3.0368 NiII
5899.3 6.09 ± 0.29
5924.2 1466.2 3.0368 CoII 1.88 ± 0.20
1467.3 3.0368 NiII
1467.8 3.0368 NiII
5943.1 1.53 ± 0.21
5975.2 1477.5 3.0368 CO 10.27 ± 0.24
6006.4 3.21 ± 0.20
6045.1 2586.7 1.3406 FeII 12.94 ± 0.29
6086.4 2600.2 1.3406 FeII 1.52 ± 0.13
6100.5 1509.6 3.0368 CO 8.03 ± 0.18
6132.1 7.78 ± 0.27
6163.0 1526.7 3.0368 SiII 7.85 ± 0.15
6189.4 1532.5 3.0368 PII 6.10 ± 0.15
1533.4 3.0368 SiII*
6220.6 1.43 ± 0.17
6252.0 1544.3 3.0368 CO 20.82 ± 0.25
1548.2 3.0368 CIV
1550.8 3.0368 CIV
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Table 63Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
6301.5 1560.3 3.0368 CI 8.76 ± 0.31
6325.3 1566.8 3.0368 FeII* 2.53 ± 0.14
6338.4 2576.9 1.4618 MnII 4.38 ± 0.14
6369.4 2586.7 1.4618 FeII 13.04 ± 0.25
2594.5 1.4618 MnII
1574.6 3.0368 CoII
6400.8 2600.2 1.4618 FeII 5.42 ± 0.13
6414.4 2606.5 1.4618 MnII 3.35 ± 0.12
1589.2 3.0368 SiI
6441.7 1595.8 3.0368 SiI 0.49 ± 0.12
6469.8 1602.5 3.0368 GeII 5.28 ± 0.14
6500.9 1608.5 3.0368 FeII 14.81 ± 0.19
1611.2 3.0368 FeII
1612.8 3.0368 FeII*
1613.4 3.0368 CI
6534.6 1618.5 3.0368 FeII* 2.74 ± 0.12
6545.7 2796.4 1.3406 MgII 6.88 ± 0.13
1621.7 3.0368 FeII*
6562.1 2803.5 1.3406 MgII 3.59 ± 0.13
6575.9 1629.2 3.0368 FeII* 2.17 ± 0.12
6616.6 1637.4 3.0368 FeII* 17.98 ± 0.26
1631.1 3.0368 FeII*
1634.4 3.0368 FeII*
1636.3 3.0368 FeII*
1639.4 3.0368 FeII*
6660.2 3.71 ± 0.13
6678.2 2853.0 1.3406 MgI 2.18 ± 0.10
6692.1 1656.9 3.0368 CI 8.21 ± 0.15
6713.3 1.45 ± 0.19
6744.1 1670.8 3.0368 AlII 9.25 ± 0.10
6758.9 2.25 ± 0.12
6807.3 1.62 ± 0.12
6834.8 1.62 ± 0.18
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Table 63Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
6849.2 0.71 ± 0.12
6871.8 1702.0 3.0368 FeII* 3.88 ± 0.11
6884.0 2796.4 1.4618 MgII 8.59 ± 0.11
1703.4 3.0368 NiII
1707.1 3.0368 MgI
6901.1 2803.5 1.4618 MgII 7.51 ± 0.11
1707.1 3.0368 MgI
1709.6 3.0368 NiII
6914.4 1.57 ± 0.12
6930.7 1.25 ± 0.13
6945.4 1.39 ± 0.14
6964.8 2.05 ± 0.13
6989.2 0.75 ± 0.12
7013.1 2853.0 1.4618 MgI 1.82 ± 0.15
7030.2 1741.6 3.0368 NiII 3.62 ± 0.10
7055.8 1747.8 3.0368 MgI 2.36 ± 0.12
7072.1 1751.9 3.0368 NiII 2.56 ± 0.12
7160.7 1772.3 3.0368 NiII 1.06 ± 0.12
1774.0 3.0368 NiII
7187.9 3073.9 1.3406 TiII 0.74 ± 0.12
7204.0 3073.9 1.3406 TiII 0.85 ± 0.13
1783.3 3.0368 NiII
7284.8 1804.5 3.0368 NiII 0.97 ± 0.14
7298.9 1807.3 3.0368 SI 5.72 ± 0.13
1808.0 3.0368 SiII
7334.4 1816.9 3.0368 SiII* 2.93 ± 0.17
1817.5 3.0368 SiII*
7378.6 1827.9 3.0368 MgI 1.64 ± 0.14
7486.0 1854.7 3.0368 AlIII 7.43 ± 0.14
7518.8 1862.8 3.0368 AlIII 6.13 ± 0.15
7568.6 3230.1 1.3406 TiII 0.63 ± 0.17
3073.9 1.4618 TiII
7637.5 3242.9 1.3406 TiII 25.95 ± 0.34
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Table 63Continued
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
1892.0 3.0368 SiIII
1901.8 3.0368 FeII
7776.5 1.01 ± 0.18
7982.5 3242.9 1.4618 TiII 1.74 ± 0.22
8122.6 2012.2 3.0368 CoII 1.20 ± 0.18
8180.1 2026.1 3.0368 ZnII 6.35 ± 0.18
2026.3 3.0368 CrII
2026.5 3.0368 MgI
8232.8 2.09 ± 0.23
8316.6 3384.7 1.4618 TiII 16.66 ± 0.70
2056.3 3.0368 CrII
2062.2 3.0368 CrII
2062.7 3.0368 ZnII
2066.2 3.0368 CrII
8398.3 5.94 ± 0.49
8434.2 2.56 ± 0.40
8443.2 1.15 ± 0.24
8480.9 2.10 ± 0.37
8513.3 1.93 ± 0.30
8606.0 5.68 ± 0.38
8749.4 2166.2 3.0368 NiII* 6.05 ± 0.53
2169.8 3.0368 NiII*
2167.5 3.0368 FeI
8780.5 2175.4 3.0368 NiII* 5.19 ± 0.64
8827.5 8.93 ± 0.77
8948.9 2217.2 3.0368 NiII* 4.32 ± 0.56
8979.8 2223.6 3.0368 NiII* 6.94 ± 0.60
9085.3 2249.9 3.0368 FeII 4.53 ± 0.37
9097.4 3.20 ± 0.42
9134.1 2260.8 3.0368 FeII 6.27 ± 0.53
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Table 64. GRB080707 (z = 1.2322)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5236.7 2344.2 1.2322 Fe II 5.1±0.9
5300.4 2374.5 1.2322 Fe II 2.4±0.9
5320.4 2382.8 1.2322 Fe II 5.3±0.9
5779.2 2586.7 1.2322 Fe II 3.9±0.8
5799.2 2600.2 1.2322 Fe II 4.6±0.8
6241.6 2796.3 1.2322 Mg II
16.4±1.1
6257.3 2805.3 1.2322 Mg II
6366.1 2853.0 1.2322 Mg I 4.9±0.8
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Table 65. GRB 080710 (z = 0.8454)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
GMOS/B600
4326.5 2344.2 0.8454 FeII 0.77 ± 0.05
2345.0 0.8454 FeII*
4382.0 2374.5 0.8454 FeII 0.39 ± 0.04
4397.6 2381.5 0.8454 FeII* 1.05 ± 0.04
2382.8 0.8454 FeII
2383.8 0.8454 FeII*
4773.6 2586.7 0.8454 FeII 0.76 ± 0.03
4788.6 2594.5 0.8454 MnII 0.21 ± 0.04
4798.6 2599.2 0.8454 FeII* 1.32 ± 0.04
2600.2 0.8454 FeII
5160.5 2796.4 0.8454 MgII 2.23 ± 0.03
5173.8 2803.5 0.8454 MgII 1.95 ± 0.03
5264.9 2853.0 0.8454 MgI 0.67 ± 0.03
5895.2 0.58 ± 0.04
6281.2 0.47 ± 0.03
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Table 66. GRB080721 (z = 2.5914)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4358.0 1215.7 2.5914 Lyα
4527.1 1260.4 2.5914 Si II 6.3±0.7
4680.5
1302.2 2.5914 O I
6.1±0.7
1304.4 2.5914 Si II
4796.5 1335.3 2.5914 C II 7.1±0.7
5005.7 1393.8 2.5914 Si IV 4.8±0.5
5038.9 1402.8 2.5914 Si IV 3.0±0.5
5482.9 1526.7 2.5914 Si II 6.0±0.4
5561.0 1548.2 2.5914 C IV
16.0±0.6
5571.4 1550.8 2.5914 C IV
5776.3 1608.4 2.5914 Fe II
8.8±0.5
5787.9 1611.2 2.5914 Fe II
6000.1 1670.8 2.5914 Al II 5.1±0.4
7271.6
2026.1 2.5914 Zn II
3.1±0.4
2026.5 2.5914 Mg I
7405.3
2062.2 2.5914 Cr II
2.53±0.9
2062.7 2.5914 Zn II
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Table 67. GRB 080804
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4648.5 1526.7 2.0446 SiII 4.10 ± 0.10
4961.3 1548.2 2.0446 CIV 2.37 ± 0.10
5323.3 1550.8 2.0446 CIV 1.90 ± 0.10
Table 68. GRB080805 (z = 1.5042)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4184.0 1670.8 1.5042 Al II 15±4
6150.6
2796.3 1.197 Mg II
18.2±3.0
2803.5 1.197 Mg II
6479.8 2586.7 1.5042 Fe II 5.6±1.9
6511.8 2600.2 1.5042 Fe II 7.2±2.0
6999.8 2796.3 1.5042 Mg II 8.2±2.0
7019.4 2803.5 1.5042 Mg II 12.5±2.0
7146.0 2853.0 1.5042 Mg I 6.9±1.6
Table 69. GRB080810 (z = 3.3604)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
5047.6 1215.7 3.1585 Lyα
5291.8 1215.7 3.3604 Lyα
5551.7 1334.5 3.1585 C II 1.4±0.6
6012.8 1.8±0.6
6117.6 1402.7 3.3604 Si IV 1.7±0.6
6346.3 1526.7 3.1585 Si II 2.6±0.6
6438.3
1548.2 3.1585 C IV
1.7±0.6
1550.8 3.1585 C IV
6655.6 1526.7 3.3604 Si II 2.1±0.6
6754.4
1548.2 3.3604 C IV
13.6±0.9
1550.8 3.3604 C IV
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Table 70. GRB080905B (z = 2.3739)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4402.0
1302.2 2.3739 O I
9±2
1304.4 2.3739 Si II
5148.0 1526.7 2.3739 Si II 2.5±0.8
5227.2
1548.2 2.3739 C IV
5.6±0.7
1550.8 2.3739 C IV
5429.8 1608.4 2.3739 Fe II
2.7±0.7
5436.6 1611.2 2.3739 Fe II
5635.6 1670.8 2.3739 Al II 3.4±0.6
6099.7 1808.0 2.3739 Si II 1.5±0.6
6256.3 1854.7 2.3739 Al III 2.7±0.6
6284.6 1862.8 2.3739 Al III 1.7±0.6
6777.7 1.2±0.5
6833.7
2026.1 2.3739 Zn II
2.0±0.6
2026.5 2.3739 Mg I
6876.9 2796.3 1.4588 Mg II 3.7±0.6
6896.2 2805.3 1.4588 Mg II 2.2±0.5
6959.7
2062.2 2.3739 Cr II
2.8±0.5
2062.7 2.3739 Zn II
7307.1 2166.2 2.3739 Ni II** 2.0±0.7
7815.8 2316.7 2.3739 Ni II** 2.8±0.7
7906.9 2344.2 2.3739 Fe II 5.1±1.0
8010.8 2374.5 2.3739 Fe II 5.3±0.6
8040.1 2382.8 2.3739 Fe II 4.3±0.7
8085.9 2396.4 2.3739 Fe II* 2.8±0.5
8117.5 2405.6 2.3739 Fe II** 2.1±0.6
8136.2 2411.3 2.3739 Fe II*** 2.4±0.6
8696.2 2576.9 2.3739 Mn II 2.8±0.6
8727.1 2586.7 2.3739 Fe II 5.1±0.6
8770.7 2600.2 2.3739 Fe II 5.6±1.4
9442.5
2796.3 2.3739 Mg II
20±4
2803.5 2.3739 Mg II
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Note.  The afterglow spetrum is blended with
the spetrum of another objet on the slit. Hene,
the EWs in this table will be aeted by this on-
taminating light.
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Table 71. GRB080916A (z = 0.6887)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4727.2
2796.3 0.6887 Mg II
8.2±1.4
2803.5 0.6887 Mg II
6295.6 3727.7 0.6887 [O ii℄ emission
8210.7 4862.7 0.6887 Hβ emission
8456.8 5008.2 0.6887 [O iii℄ emission
Fig. 14. Shown are 1- and 2-dimensional spetra for GRBs 050319080928. Lines from the GRB
absorption systems are marked with vertial lines whereas unidentied lines or lines from intervening
systems are marked with vertial dashed lines. Telluri features are marked with a telluri symbol.
The error spetrum is plotted as a dotted line. When in the spetral range we also plot the position
of the Lyman-limit as a vertial dashed line.
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Table 72. GRB080928 (z = 1.6919)
λ
obs
[Å℄ λ
rest
[Å℄ z Feature EW
obs
[Å℄
4133.8 2382.8 0.7359 Fe II 8.5±0.7
4172.8
1548.2 1.6919 C IV
5.7±0.7
1550.8 1.6919 C IV
4287.8 1.6±0.4
4327.8 1608.4 1.6919 Fe II 1.4±0.4
4490.8 2586.7 0.7359 Fe II 3.8±0.4
4513.9 2600.2 0.7359 Fe II 6.7±0.4
4857.7 2796.3 0.7359 Mg II
16.5±0.4
4865.3 2803.5 0.7359 Mg II
4953.2 2853.0 0.7359 Mg I 4.0±0.3
5041.1 1.0±0.3
5092.6 1.0±0.3
5117.4 1.1±0.3
5709.2 0.7±0.3
5830.3 2166.2 1.6919 Ni II** 0.8±0.3
6310.4 2344.2 1.6919 Fe II 2.0±0.4
6392.7 2374.5 1.6919 Fe II 1.7±0.3
6415.6 2382.8 1.6919 Fe II 1.2±0.2
6828.8 3934.8 0.7359 Ca II 1.5±0.3
6893.4 3969.6 0.7359 Ca II in telluri band
6938.0 2576.9 1.6919 Mn II 0.8±0.3
6964.5 2586.7 1.6919 Fe II 1.4±0.2
6999.2 2600.2 1.6919 Fe II 2.2±0.3
7526.6 2796.3 1.6919 Mg II 3.7±0.3
7547.5 2803.5 1.6919 Mg II 2.7±0.3
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Table 73. The statistial sample. The z lasses are a: afterglow spetrum; h: host galaxy
emission, p: photometri redshift from afterglow imaging. For bursts where the optial afterglow
is not deteted we provide the exess X-ray absorption and the orresponding redshift limit when
approriate (see maintext). We also provide referenes for redshift measurements.
GRB z z lass NX [10
21
m
−2
℄ βOX Ref
080928 1.69 a  1.00 Vreeswijk et al. (2008e)
080916B   0 < 0.90 
080916A 0.69 ah  0.69 Fynbo et al. (2008f)
080913 6.70 a  < 0.48 Greiner et al. (2009)
080905B 2.37 a  0.64 Vreeswijk et al. (2008d)
080810 3.35 a  0.96 de Ugarte Postigo et al. (2008)
080805 1.51 a  0.40 Jakobsson et al. (2008e)
080804 2.20 a  0.78 Thöne et al. (2008d)
080727A   0 < 0.76 
080721 2.59 a  0.60 Jakobsson et al. (2008d)
080710 0.85 a  1.04 Perley et al. (2008)
080707 1.23 a  0.83 Fynbo et al. (2008d)
080703 < 5.5 a  0.42 Ward & Ziaeepour (2008)
080613B   0 < 0.79 
080607 3.04 a  0.24 Prohaska et al. (2009)
080605 1.64 a  0.38 Jakobsson et al. (2008)
080604 1.42 a  0.90 Wiersema et al. (2008b)
080603B 2.69 a  0.92 Fynbo et al. (2008)
080602   1.0 < 0.28 
080523 < 3.0 a  0.71 Fynbo et al. (2008b)
080520 1.55 ah  0.77 Jakobsson et al. (2008b)
080430 0.77 a  0.77 Cuhiara & Fox (2008)
080413B 1.10 a  0.89 Vreeswijk et al. (2008)
080330 1.51 a  0.99 Guidorzi et al. (2009)
080325   1.5 < 0.79 
080320 < 6.4 a  < 0.15 Tanvir et al. (2008b)
080319C 1.95 a  0.31 Wiersema et al. (2008a)
080319B 0.94 a  0.67 Vreeswijk et al. (2008b)
080319A < 4.2 h  0.49 Perley et al. (2009)
080310 2.43 a  0.88 Fox et al. (2008)
080307 < 6.1 a  0.40 Xin et al. (2008)
080212 < 3.5 a  0.66 Kuepue Yoldas et al. (2008)
080210 2.64 a  0.74 Jakobsson et al. (2008a)
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Table 73Continued
GRB z z lass NX [10
21
m
−2
℄ βOX Ref
080207 < 3.5 (XRT)  6.1 < 0.43 
080205 < 5.5 a  0.79 Oates & Markwardt (2008)
071122 1.14 a  0.83 Cuhiara et al. (2007a)
071117 1.33 h  0.58 Jakobsson et al. (2007e)
071112C 0.82 ah  0.72 Jakobsson et al. (2007d)
071031 2.69 a  0.97 Ledoux et al. (2008)
071025 5.2 ap  0.50 This work
071021 < 5.6 a   Piranomonte et al. (2007)
071020 2.15 a  0.56 Jakobsson et al. (2007)
070808 < 3.5 (XRT)  6.5 < 0.48 
070802 2.45 a  0.49 Elíasdóttir et al. (2009)
070721B 3.63 a  0.72 Malesani et al. (2007)
070621 < 3.5 (XRT)  3.2 < 0.53 
070611 2.04 a  0.73 Thöne et al. (2007a)
070521 1.35 h  < −0.06 Perley et al. (2009)
070520B   0.6 < 0.88 
070518 < 2.0 a  0.81 Cuhiara et al. (2007)
070506 2.31 a  0.93 Thöne et al. (2007b)
070419B < 5.9 a  0.25 de Ugarte Postigo et al. (2007)
070419A 0.97 a  0.94 Cenko et al. (2007)
070412   0.7 < 0.17 
070330 < 5.5 a  0.68 Kuin et al. (2007)
070328   1.8 < 0.31 
070318 0.84 a  0.78 Jaunsen et al. (2007a)
070306 1.50 h  < 0.23 Jaunsen et al. (2008)
070224 < 6.1 a  0.92 Thöne et al. (2007)
070223 < 6.1 a   Rol et al. (2007b)
070219 < 3.5 (XRT)  2.2 < 0.38 
070208 1.17 ah  0.68 Cuhiara et al. (2007b)
070129 < 3.4 a  0.62 This work
070110 2.35 ah  0.77 Jaunsen et al. (2007b)
070103 < 3.5 (XRT)  2.1 < 0.48 
061222A 2.09 h  < 0.22 Perley et al. (2009)
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Table 73Continued
GRB z z lass NX [10
21
m
−2
℄ βOX Ref
061121 1.31 a  0.64 Bloom et al. (2006b)
061110B 3.44 a  0.55 Fynbo et al. (2006a)
061110A 0.76 ah  0.99 Fynbo et al. (2007)
061102   0 < 0.91 
061021 0.35 a  0.75 This work
061007 1.26 ah  0.79 Jakobsson et al. (2006d)
061004   0 < 0.47 
061002   0.6 < 0.93 
060929   0.4 < 0.67 
060927 5.47 a  0.55 Ruiz-Velaso et al. (2007)
060923C < 11.0 a  < 0.31 Fox (2006)
060923B   1.9 < 0.68 
060923A < 2.8 h  < 0.11 Tanvir et al. (2008a)
060919 < 3.5 (XRT)  5.5 < 1.02 
060912A 0.94 h  0.62 Levan et al. (2007)
060908 1.88 a  0.38 This work
060904A   0 < 0.52 
060814 0.84 h  < −0.06 Thöne et al. (2007d)
060807 < 3.4 a  0.54 This work
060805A   0.1 < 1.07 
060729 0.54 a  0.80 Thöne et al. (2006a)
060719 < 4.6 a  < −0.13 This work
060714 2.71 ah  0.77 Jakobsson et al. (2006b)
060712   1.1 < 0.96 
060708 1.92 p  1.04 Oates et al. (2009)
060707 3.43 a  0.73 Jakobsson et al. (2006b)
060614 0.13 h  0.79 Della Valle et al. (2006)
060607A 3.08 a  0.53 Fox et al. (2008)
060605 3.78 a  1.00 Savaglio et al. (2006)
060604 < 2.8 a  0.75 Blustin & Page (2006)
060526 3.21 a  1.03 Jakobsson et al. (2006b)
060522 5.11 a  0.74 Cenko et al. (2006)
060512 2.1 a  0.98 This work
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Table 73Continued
GRB z z lass NX [10
21
m
−2
℄ βOX Ref
060502A 1.51 a  0.65 Cuhiara et al. (2006b)
060428B < 5.5 a  1.00 de Pasquale & Campana (2006)
060427   0.7 < 0.81 
060323 < 4.4 a  0.76 (Marshall & Vetere2006)
060319 1.15 h  < 0.41 D. Perley (private omm.)
060306 < 3.5 (XRT)  3.2 < 0.54 
060219 < 3.5 (XRT)  2.6 < 0.54 
060218 0.03 h   Sollerman et al. (2006)
060210 3.91 a  0.37 Cuhiara et al. (2006a)
060206 4.05 a  0.95 Fynbo et al. (2006b)
060204B < 4.8 a  0.47 Fynbo et al. (2006d)
060202 0.78 h  < 0.20 Butler (2007)
060124 2.30 a  0.80 Mirabal & Halpern (2006)
060115 3.53 a  0.78 Piranomonte et al. (2006a)
060111A < 5.5 a  0.70 Blustin et al. (2006)
060108 < 3.2 a  0.51 Oates et al. (2006)
051117B   0.6 < 1.06 
051016B 0.94 h  0.63 Soderberg et al. (2005)
051006 < 3.5 (XRT)  5.1 < 1.30 
051001   0.9 < 0.56 
050922C 2.20 a  0.99 Jakobsson et al. (2006b)
050922B   1.1 < 0.58 
050915A < 15.0 a  < 0.44 Bloom (2005)
050908 3.34 a  1.14 Fugazza et al. (2005)
050904 6.30 a  < 0.41 Kawai et al. (2006)
050824 0.83 ah  0.91 Sollerman et al. (2007)
050822   0.6  
050820A 2.61 a  0.77 Fox et al. (2008)
050819   0 < 0.90 
050814 5.3 p  0.51 Jakobsson et al. (2006a)
050803   1.2 < −0.15 
050802 1.71 a  0.51 Fynbo et al. (2005)
050801 1.38 p  0.95 Oates et al. (2009)
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Table 73Continued
GRB z z lass NX [10
21
m
−2
℄ βOX Ref
050730 3.97 a  0.79 D'Elia et al. (2005)
050726 < 5.5 a  < 0.89 Poole et al. (2005)
050716 < 11.0 a  < 0.28 Rol et al. (2007a)
050714B < 3.5 (XRT)  2.2 < 0.48 
050525A 0.61 ah  0.92 Foley et al. (2005)
050505 4.28 a  0.53 Berger et al. (2006)
050502B < 6.4 a  < 0.58 Cenko et al. (2005)
050416A 0.65 h  0.70 Soderberg et al. (2007)
050412   0 < 0.60 
050406 2.7 p  1.02 Shady et al. (2006)
050401 2.90 a  0.36 Watson et al. (2006)
050319 3.24 a  0.90 Jakobsson et al. (2006b)
050318 1.44 a  0.75 Berger et al. (2005)
050315 1.95 a  0.63 Berger et al. (2005)


